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PREFACE 


This  index  lists  all  Ginzton  Laboratory  reports  for  the  period 
January  1977  through  September  1978.  There  were  217  reports  written 
and  distributed  during  this  time,  G.L.  numbers  2651  to  2869.  Fourteen 
other  indices  of  Ginzton  Laboratory  (formerly  Microwave  Laboratory) 
reports  have  been  published:  the  first  one  for  all  reports  from  the 
beginning  through  M.L.  No.  1000  (dated  January  1963),  a second  one 
for  the  year  1963  (dated  January  1964),  another  index  for  the  year 
1964  (dated  January  1965),  a fourth  one  for  the  year  1965  (dated  Jan- 
uary 1966),  a fifth  one  for  the  year  1966  (dated  January  1967),  a sixth 
one  for  the  year  1967  (dated  January  1968),  a seventh  for  the  year  1968 
(dated  February  1969),  an  eighth  for  the  year  1969  (dated  April  1970), 
a ninth  one  for  the  years  1970  and  1971,  compiled  and  distributed  in 
1972,  a tenth  one  for  the  year  1972  (dated  February  1973),  an  eleventh 
one  for  the  year  1973  (dated  March  1974),  a twelfth  one  for  the  year 
1974  (dated  February  1975),  a thirteenth  for  the  year  1975  (dated  March 
1976),  and  a fourteenth  for  the  year  1976  (dated  March  1977). 

This  volume  contains  four  sections,  as  follows: 

I.  A list  of  Ginzton  Laboratory  reports  issued  during  this 
period'  which  includes  additional  information  regarding  its  publication, 
presentation  at  a conference,  etc.  The  asterisk  by  the  report  number 
indicates  that  the  abstract  for  that  report  is  reproduced  in  Section  III. 

II.  A list  of  Ginzton  Laboratory  papers  which  were  published 
during  this  period,  but  which  were  originally  submitted  prior  to 
January  1977} 

III.  A list  of  abstracts  of  papers  written  as  technical  reports 
or  for  publication  (abstracts  of  contract  status  reports  are  not  included)} 

IV.  An  author  index. for  the  above  three  sections. 

The  reports  listed  here  are  generally  labeled  as  one  of  three  types: 
Technical  Reports,  Internal  Memoranda  and  Preprints,  or  Status  Reports 
(Semiannual s.  Quarterly,  Annuals). 


( a ) loo hn  i ca  l Repo  r t s 


Technical  reports  are  those  which  document  the  results  or  conclusions 
ot  research  investigation,  spec  It Ic  problems,  or  complete  tasks. 

Technical  reports  generally  describe  work  which  is  of  more  signifi- 
cance or  of  more  lasting  importance  than  Internal  Memorandum  type  reports. 
Technical  reports  do  not  include  managerial  Information,  are  usually  bound 
with  soft  covers,  and  are  not  issued  at  any  specific  times.  Final  reports 
for  a given  contract,  which  summarize  all  the  work  done  under  that  con- 
tract, are  sometimes  called  technical  reports. 

The  abstracts  of  the  technical  reports  written  during  the  noted 
period,  namely  January  l,  1977  — September  30,  1978,  are  reproduced  in 
Sect  ion  III. 

(b)  Internal  Memoranda  and  Preprints 


These  reports  usuallv  describe  work  ot  limited  time  value,  are  often 
less  comprehensive  than  technical  reports  and  are  usually  prepared  for 
journal  publications.  In  some  cases,  papers  not  distributed  in  preprint 
internal  memoranda  form  are  later  Issued  as  Reprints. 

Internal  Memoranda  and  Preprints  are  not  given  wide  distribution  as 
they  are  usuallv  Intended  for  local  use.  However,  copies,  it  available, 
mav  be  sent  on  request . 

lei  Status  Reports 

These  are  reports  Issued  on  some  schedule  in  accordance  with  contract 
assignments.  Thev  mav  be  prepared  on  anv  medium,  and  mav  or  may  not  have 
covers.  Thev  generally  varv  In  length,  and  describe  the  work  done  on  the 
various  projects  sponsored  under  a given  contract. 

Id)  lUsser t at  ions  (Spec  in  1 Research  Reports) 

Plssertat ions  mav  be  Issued  as  either  Technical  Reports  or  as 
Internal  Memoranda,  depending  on  the  requirements  ot  the  contract  or 


tv 


Riant  which  sponsored  the  research.  No  separate  list  of  dissertations 
Is  included.  They  may  he  identified  through  the  author  index  or  bv 
scanning  through  Section  I. 


This  index  also  identifies  the  contract  or  grant  which  supported 
each  report. 


i 
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AVAILABILITY 


Information  about  reports  listed  herein  mav  be  obtained  by  writing  to; 

Reports  Office 

Edward  L.  Ginzton  Laboratory 

W M . Hansen  Laboratories  of  Physics 

Stanford  University 

Stanford,  California 

Ginzton  Laboratory  reports  numbered  up  to  and  through  .'■‘>00  are  only 
available  in  the  following  forms:  It  mm  microfilm,  ’•*  \ t inch  micro- 
fiche or  xerox  reprints.  Further  information  regarding  cost  and  source 
is  available  upon  request . 

Manv  Ginzton  Laboratory  reports  are  also  available  to  qualified 
requestors  ^agencies  of  the  Uepartment  ol  Defense,  their  contractors, 
or  other  government  agencies'*  through 

Defense  Documentation  Center 
Cameron  Station 
Alexandria,  Virginia  .'.'Al'. 

Other  persons  and  organizations  should  apply  to 

Clearinghouse  for  Federal  Scientific  and 
Technical  Information  vCFSTl  ' 

Sills  Building 

Port  Royal  Road 
Springfield,  Virginia  ,V1  1 

Reports  which  are  also  Ph.D.  dissertations  vor  Special  Research  Reports'* 
may  be  purchased  on  microfilm  from  University  Microfilms,  Ann  Arbor, 
Michigan . 

Individuals  or  organizations  may  be  placed  on  a distribution  list  for 
one  or  more  Ginzton  Laboratory  contracts  and  or  grants.  Each  agency 
has  different  regulations  governing  the  distribution  ot  reports; 
information  will  be  sent  on  request. 
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I.  LIST  OF  CIN7.TON  LABORATORY  REPORTS 
January  l,  1977  September  30,  1978 


G.L.  No. 


J6S1 


* 


2652 


2653 


2654 


2655 


2656 


2657* 


Report 

A.  L.  Schawlow,  "Lasers,  Light,  and 
Matter,"  Preprint  (January  1977). 

Also : 

Published  in  Journal  of  the  Optical 
Society  of  America,  Vol.  67,  No.  2, 
140-148  (February  1977). 

Staff,  "Generation  of  Coherent  VUV 
and  Soft  X-Rays,"  Quarterly  Manage- 
ment Report  No.  6 for  the  period 
1 October  1976  - 31  December  1976 
(January  1977). 

Staff,  "Acoustic  Techniques  for 
Measuring  Stress  Regions  in 
Materials,"  Monthly  Report  for 
December  1976  (January  1977). 


Contrac t 

NSF  PHY74-14786 
and 

N0001 4-75-C-084 1 


N00014-75-0-1 1 75 


F.PR1  RP609-1 


Staff,  "Optical  Resonator  and  Beam  RRPA  LAST  E(29-2)-3605 

Studies,"  Progress  and  Final  Reports 

covering  the  period  15  June  1975 

through  14  September  1976  (January  1977). 


Staff,  "Generation  of  Coherent  VUV  and  N00014-75-C01 1 75 
Soft  X-Rays,"  Semiannual  Report  No.  3, 
for  the  period  1 July  - 31  December  1976 
(January  1977). 

Staff,  "Methods  for  the  Detection  and  RISC  Grant  77-70946 

Characterization  of  Surface  Flaws  in 

Materials,"  Status  Report  covering  the 

period  l October  - 31  January  1977 

(January  1977). 

A.  F.  Siegman,  "Bragg  Diffraction  of  NSF  FNG74-0343' 

a Gaussian  Beam  by  a Crossed-Oaussian 
Volume  Grating,"  Reprint  from  Journal 
of  the  Optical  Society  of  America, 

Vol.  67,  No.  4,  545-550  (April  1977). 


T 


j 


'5 


* 

Abstract  reproduced  in  Section  III. 
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C.L.  No. 
2658 


Report 

Staff,  "New  Techniques  for  Acoustic 
Nondestructive  Testing,"  Semiannual 
Report  for  the  period  18  July  1176 
1 January  1177  (January  1177). 

R.  B.  Zubeck,  C.  N.  King,  D.  F.  Moore, 


2659 

R.  B. 

Zubeck , 

C. 

N 

T.  W. 

Barbee , 

Jr 

* * 

J.  Sa 

ilem,  and 

R. 

11 

Morphologies  of  Thick  Films  of  Nb^Sn 
Formed  by  Electron  Beam  Evaporation," 
Reprint  from  Thin  Solid  Films,  Vol . 40, 
241-261  (1177). 

Staff,  "Demonstration  of  Remote  Air 
Pollution  Measurement  Capability," 
Quarterly  Report  for  the  period 
September  December  1176  (Januarv 
1177). 

Staff,  "Research  Studies  on  Techniques 
for  High  Power  Visible  Lasers  Using 
Charge  Exchange  Collisions,"  Quarterly 
Report  for  the  period  1 October 
31  December  1176  (January  1177). 

Staff,  "Research  Studies  on  Techniques 
for  High  Power  Visible  Lasers  Using 
Charge  Exchange  Collisions,"  Final 
Report  for  the  period  l January  — 31 
December  1176  (March  1177). 

Staff,  "Research  in  Acoustic  Micros- 
copy," Final  Report,  covering  the 
period  December  1175  December  1176 
(February  1177). 

Staff,  "Investigation  of  Laser 
Dynamics,  Modulation  and  Control  by 
Means  of  Intra-Cavity  Time  Varying 
Perturbation,"  Semiannual  Status 
Report  for  the  period  1 August  H76  — 
31  January  1977 (February  1177). 

H.  Komine  and  R.  L.  Bver,  "Optically 
Pumped  Atomic  Mercury  Photod issoc ia- 
t ion  Laser,"  Preprint  (February  1977). 

Also : 

Published  in  J.  Appl.  Pltvs.,  Vol.  48, 
No.  6,  2505-2508  (June  1177). 


Coat ract 
RISC  74-20773 


ERDA  EY-76-S-03-0326, 
PA  043 


EPR1  RP486-1 


ERDA  E(04-3) - 326 , 
PA  041 


ERDA  E ( 04 - 3 ) - 3 2 6 , 
PA  041 


Hartford  Foundat ion 


NASA  N0L-05-020-10) 


F4 4 6 2 0 - 7 4 -C-00  3 9 


C..L.  No. 
2666* 


2667 


2668 


* 


2669* 


2670* 


2671 


Report 


Contract 


S.  J.  Brosnan,  R.  N.  Fleming,  R.  L.  ERDA  EY- 76-3-04 -3 570 

Herbst , and  R.  L.  Byer,  "Tunable 

Infrared  Generation  by  Coherent 

Raman  Mixing,"  Preprint  (February 

1977) . 


A 1 so : 

Published  in  Applied  Physics  Letters, 

Vol . 30,  No.  7,  330-332' (1  April  1977). 

Staff,  "Acoustic  Techniques  for  EPR1  RP609-1 

Measuring  Stress  Regions  in  Materi- 
als," Monthly  Report  for  the  month  of 
January  1977  (February  1977). 

R.  Feinberg,  R.  E.  Teets,  J.  Rubbmark,  NSF  PHY74-14786 
and  A.  L.  Schawlow,  "Ground  State  Relax- 
ation Measurements  by  Laser-Induced 
Depopulation,"  Preprint  (February  1977). 

A ljso : 

Published  in  the  Journal  of  Chemical 
Physics,  Vol.  66,  No.  10,  4330-4333 
(15  May  1977). 

W.  A.  Harrison,  "The  Physics  of  Solid  NSF  DMR73-02351 
State  Chemistry,"  Preprint  (March  1^77). 

Also : 

Reprint  from  the  Proceedings  of  the 
German  Physical  Society,  MUnster,  Germany, 

(Advances  in  Solid  State  Physics), 

Vol.  XVII,  135-155  (1977). 


R.  I..  Herbst,  H.  Komine,  and  R.  L.  Byer,  DAAG  29-74-C-0033 
"A  200  m.l  Unstable  Resonator  Nd:YAC 
Oscillator,"  Preprint  (February  1977). 

Also : 

Published  in  Optics  Communicat ions , 

Vol.  21,  No.  1,  5-7  (April  1977). 

R.  J.  Sokel , "The  Normalization  of  NSF  DMR73-02351 

Eigenfunctions  of  the  Sturm-Liouv i 1 1 e 
Problem,"  Preprint  (February  1977). 


A I so : 

Published  in  the  American  Journal  of 
Physics,  Vol.  45,  No.  7,  676-677 
(July  1977). 


G.L.  No. 


Report 


Contract 


267. 


* 

267  3 


A 

2674 


26  7 5 


2676 


A 

2677 


26  78 


Staff,  "Picosecond  Optic.  Measurements 
Using  Ultrashort  Light  Pulses,"  Final 
Scientific  Report  for  the  period 
1 May  1974  — 31  October  1976  (March 
1977) . 

R.  L.  Bver  and  F..  R.  Murray,  "Remote 
Monitoring  with  Laser  Sources," 

Internal  Memorandum  (March  1977). 

1).  F.  Moore  and  M.  K.  Beasley,  "Tun- 
neling Observations  of  Delayed  Flux 
Entry  and  Surface  Barriers  in  Nb  Sn , " 
Preprint  (March  1977). 

Also: 

Published  in  Applied  Physics  Letters, 
Vo.  30,  No.  9,  494-496  (1  May  1^77). 

Staff,  "Acoustically  Scanned  Optical 
Imaging  Devices,"  Semiannual  Report 
for  the  period  1 July  31  December 
1976  (January  1977). 

Staff,  "Acoustic  Techniques  for 
Measuring  Stress  Regions  in  Materi- 
als," Monthly  Report  for  the  month 
of  February  1977  (February  1977). 

D.  E.  Prober,  M.  R.  Beasley,  and 
R.  E.  Schwall,  "Fluctuation-Induced 
Diamagnetism  and  Dimensionality  in 
Superconducting  Layered  Compounds: 

TaS, (pyridine).  and  NbSe,,"  Preprint, 
(March  1977).  1 7 “ 


A I so  : 

Published  in  Physical  Review  B,  Vol . 15, 
No.  11,  5245-5261  (1  June  1977). 

Staff,  "Innovative  Measurement  Tech- 
nology for  the  Semiconductor  Device 
Industry  "The  Acoustic  Microscope  — 

A New  Instrument  for  Viewing  Integrated 
Circuits,"  Quarterly  Report  for  the 
period  1 January  31  March  1977 
(March  1977). 


NSF  ENC74-03433 


SRI  13851 


NSF  DMR76-00726 


N000 1 4 - 7 6 -C -0 1 2 9 


EPR1  RP609-1 


NSF  DMR7 5-04 368 
and 

DMR76-00726  (CMR) 


NBS  5-35899 


- *4 


■■ 


1 


G ■ L No . 
2679* 


2680* 


2681* 


2682 


2683 


Report  Contract 

W.  A.  Harrison,  "elementary  Theory  of  NSF  DMR73-02351 
Heterojunc t ions , " Reprint  from  Journal 
of  Vacuum  Science  Technology,  Vol.  l-<, 

No.  4,  1016-1021  (July/August  1977). 


T.  M.  Waugh  and  C.  S.  Kino,  "Real  Time  RISC  RI74-20773 
Imaging  with  Shear  Waves  and  Surface 
Waves,"  Preprint  (March  1977).  Pre- 
sented at  the  Acoustical  Imaging  and 
Holography  7th  International  Conference 
30  August  - 1 September  1976. 

Also : 

Reprint  from  the  Proceedings  of  the 
above-noted  conference,  Ac pus t ical 
Holography , Vol.  7 (Plenum  Publishing 
Corp.,  1977),  pp.  103-113. 


G.  Kino,  W.  Leung,  H.  Shaw,  D.  Winslow,  EPR1  RP609-1 
and  L.  Zitelli,  "Differential  Phase 
Contrast  Imaging  in  the  Electronically 
Focused  Acoustic  System,"  Preprint 
(March  1977).  Presented  at  the  Acous- 
tical Imaging  and  Holography  7th  Inter- 
national Conference  10  August  - 1 Sept. 

1976. 


A 1 so : 

Reprint  from  the  Proceedings  of  the 
a b o v e -noted  c o n f e r e n c e , Ac oust ical 
Holography . Vol.  7 (Plenum  Publishing 
Corp.,  1977),  pp.  323-535. 

J.  bouquet,  G.  S.  Kino,  and  T.  Waugh,  NSF  ENG75-18681 
"Chirp  Focused  Transmitter  Theory,"  and 

Preprint  (March  19771.  Presented  at  RISC  RI74-20773 

the  Acoustical  Imaging  and  Holography 
7th  International  Conference  30  August 
through  1 September  1976. 


Also  : 

Reprint  from  the  Proceedings  ot  the 
a bo  v e -n  o t e d c o n f e r e nee,  Acou  s t ical 
Holography , Vol.  7 (Plenum  Publishing 
Corporation,  1977),  pp.  475-A93. 

Annual  Index  of  Reports  for  1976 
(March  1977). 


- 5 - 


G.L.  No. 


Contract 


— 


2684 


2685 


2686 


2687 


2688 


2689 


2690* 


2691 


Report 

Staff,  "Coherent  Anti-Stokes  Raman 
Spectroscopy,"  Final  Report  (March 
1977) . 

Staff,  "Generation  of  Coherent  VUV 
and  Soft  X-Rays,"  Quarterly  Manage- 
ment Report  for  the  period  1 January 
through  31  March  1977  (April  1977). 

Staff,  "Laser  Physics  and  Laser  Tech- 
niques," Final  Technical  Report  for 
the  period  1 January  — 31  December 
1976  (April  1977). 

Staff,  "Acoustic  Techniques  for 
Measuring  Stress  Regions  in  Materi- 
als," Monthly  Report  for  the  month 
of  March  1977  (April  1977). 

C.  F.  Quate,  "Scanning  Acoustic 
Microscope,"  Internal  Memorandum 
(April  1977).  Presented  at  the 
Acoustic  Microscopy  Symposium- 
Workshop,  Indianapolis,  14-18  Febru- 
ary, 1977. 

C.  F.  Quate,  "Recount  of  Program  on 
Acoustic  Microscopy  at  Stanford," 
Internal  Memorandum  (April  1977). 
Presented  at  the  Acoustic  Microscopy 
Symposium-Workshop , Indianapolis , 
14-18  February  1977. 

R.  Teets,  J.  Eckstein,  and  T.  W. 
Hansch,  "Coherent  Two-Photon  Excita- 
tion by  Multiphase  Light  Pulses," 
Preprint  (April  1977)  . 

Also : 

Published  in  Physical  Review 
Letters,  Vol.  38,  No.  14,  760-764 
(4  April  1977). 

R.  Kompfner  and  C.  F.  Quate,  "Acous- 
tic Radiation  and  Its  Use  in  Micros- 
copy," Preprint  (April  1977). 

Also : 

Published  in  Physics  in  Technology 
(November  1977). 


- 6 - 


N00014-75-C-0894 


N00014-75-C-1175 


F44620-76-C-0070 


EPRI  RP609-1 


NSF  APR75-07317 


N00014-7  5-C-0632 
and 

NBS5-35899 


NSF  PHY74-14786 
and 

N00014-7  5-C-084 1 


No 


Kopoi  t 


l i'lH  I 10  I 


Jo').’ 


.'(<>)  * 


7b9.', 


* 

:<>os 


* 


.'o')  • 


.'(0)0 


7(10 


01 


70.’ 


* 


Stall,  "Tunable  Optioal  Sourer*," 
Somlamui.il  Report  tor  t lio  pet  (od 
1 Oetohor  197b  11  Mai  oh  19  77 

(April  1977). 

St.it  t,  "A  1.4  IS  um  Tunable  t'ohoront 
Spoet rowel  or , " ljunrtorlv  Report 
(April  1977). 

Stall,  "Two  Photon  1 aset  Studios," 

Final  Koport  lor  t ho  potiod 

diino  1971  January  1 977  (May  1 97  7). 

0.  OoSitota,  ,l.  Fraser,  ami  0.  S.  Kino, 
"The  IVslpn  ol  It  1 loiont  llroadhaml 
V i oroel  oo  t rii  Transduoets , " l’r  opr  in  t 
(Mav  1 977).  I'o  ho  puhlishc'd  in  IKFF 
Trans,  on  Son  t os  and  l'  1 1 r.ison  ios  . 

A.  0.  Kvans,  0.  S.  Kino,  11.  V.  Kltuvi- 
Yakuh,  and  H.  K.  Tit  t matin,  "Failure 
Proviiotion  in  Struotural  t'oramios," 
Troprint  (May  1977). 

Stall,  "Improvod  Resolution  in  tho 
Aooustio  Miorosoopo,"  Final  Koport 
(April  1977). 

Stall,  "Aooustio  Imapini;  Svstonts,” 

Final  Koport  (Mat  oh  1 977), 

Slatt,  "Aooustio  I'oohniquos  lot 
Measuring  Stross  Regions  in  tutori- 
als, " Mt'iithlv  Report  tot  tin'  month 
ol  April  1977  (Mav  1977). 

T.  W.  Iliinsoh,  "lliph-Kosolut  ton 

Spool rosoopv  ot  Atoms  and  Molooulos," 

Kopi  int  I i om  I’hvsios  I'odav.  (Mav  19  77). 

Stall,  "Soanninp  Aooust (o  Miorosoopo," 
Annual  Report  rover  tup,  tho  period 
1 April  1 9 ’ s tl  Maroh  197  7 (April 
19  7 7)  . 


N.  .1.  Moll,  "Aooustio  Potootlon  ot 
Thormal  Radiation,"  Internal  Memo 
random  and  Spooial  Rosoaroh  Koport 

i June  I1*"). 


HAAi:.’9- o oou 


PROA  IASI  FY-76-S-0s 
3170 


1.AS1.  Nl’1-11  .’9b-  1 


NSP  PNt?7  1 1 ShS  1 
ami 

N(KH)  1 i ' 1 -I'-Ob  1 .’ 


HI  St'  7b-bl.'S.' 
and 

K 1 Si'  7 a .'0  7 7 l 


NSP  l'Ntw  i-O.’O.'S 


NOOI  .'  I- 71-1'  1 IS1' 


PPR1  Rl'bl)9  1 


NSP  I'll)  ' . !•.  786 


NSP  APR  7 ' -0  7 II  ' 


OAtU'Oa  a i:  0t>9  1 


7 - 


c.  i..  No. 


('on  t rac  t 


Ki'poi  t 


2 70  l 


2704 


2 704 


St.it  l . "Study  ot  Nonlinear  Acoustics  UAHC04-74-G-0043 

tor  tlii*  Purpose  ot  Processing  'Sophis- 
ticated Signals',"  Final  Report  for  the 
period  1 January  1974  28  February  1*177 

(June  l *177)  . 


W.  A.  Harrison,  "Abstract:  Surface 
Reconst  rue t ion, " Reprint  from  the 
Journal  ot  Vacuum  Science  Technology, 
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7651  A.  L.  Schawl ow . "Lasers,  light,  and  Matter." 

Ihe  nature  et  light  can  he  known  and  understood  only  through  its 
interactions  with  matter.  A few  ot  the  new  wavs  that  lasers  can  extend  our 
knowledge  ot  these  interact  ions  are  discussed.  They  include  methods  tor 
eliminating  Doppler  broadening  from  thermal  mot  ions  in  gases,  such  as  satu- 
rated absorpt ion  and  polar irat ion  spec t roscopv . \ convenient  digital  wave- 

meter  tor  measuring  wavelengths  ot  tunable  lasers  is  described.  Complicated 
absorption  spectra  can  be  simplified  b\  using  a laser  to  modify  the  popu- 
lation or  polarization  of  the  chosen  lowet  level. 

-657  A.  F.  S legman,  "Bragg  Dif traction  of  a Gaussian  Beam  by  a 

Crossed-Causs ian  Volume  Crating." 

An  analytic  expression  is  derived  for  the  Bragg  diffraction  of  a 
Gaussian  probe  beam  by  a weak  orossed-Gauss ian  volume  grating.  The  volume 
grating  itself  is  assumed  to  have  been  created  b>  two  other  Gaussian  excita- 
tion beams  intersecting  in  a nonlinear  medium. 

7650  R.  B.  Tubeck,  C.  N.  Ring,  P.  F.  Moore,  T.  W.  Barbee,  Jr., 

A.  B.  Hal  Ink.  .1.  Salem,  and  K.  H.  Hammond,  "Growth  Morphol- 
ogies of  Thick  Films  of  N'bjSn  Formed  by  Fleet  ron  Beam 
F.vaporat  ion . " 

Thick  t 11ms  ot  Nb  \Sn  tin  the  ordered  A-15  phase)  have  been  svn- 
thesized  by  codeposition  of  the  elements  niobium  and  tin  from  separate 
e lee t ron-beam-hea t ed  sources  onto  heated  rotating  Hastellov  B tube  substrates. 
Fsing  a fixed  deposition  rate  tapprox imatel v 60  A s-^  effective  at  the  tube 
surface) , single-layer  samples  7.8  , m and  ' ,.m  thick  were  prepared  at  substrat 
temperatures  ranging  between  8 10  K and  lO.'OK.  The  samples  were  examined  using 
scanning  electron  microscopy,  electron  microprobe  analysis  and  X-ray  diffrac- 
tion. The  transition  from  porous  columnar  to  dense  columnar  growth  was  ob- 
served. Column  diameters  increased  monotonioal l v with  substrate  temperature. 
For  substrate  temperatures  between  650°C  and  .'00'' C a very  shinv  deposit  was 
formed  with  a v2ll"  growth  orientation.  In  layered  structures  formed  bv 
sequential  deposition  ot  Nb^Sn  (about  m20  A Inver-')  and  vttrium  (about  A 
layer-')  the  columnar  growth  observed  in  single-layer  thick  films  appeared 
to  be  disrupted.  I’sing  the  technique  ot  fine  layering,  thick  films  of  Nb^Sn 
with  acceptable  5(1  Hz  loss  and  outstanding  critical  current  density  have  been 
prepared  for  superconduct ing  power  transmission  line  applications, 

-bt>5  H.  Komine  and  K.  1.  Byer,  "Optically  Pumped  Atomic  Mercurv 

Photod issoc  iat  ion  Laser." 

We  have  generated  superf luoresceul  laser  action  in  atomic  mercury 
at  0.5.ir>  t.m  and  0.  l<-»5  cm  bv  optically  pumping  Hg ' with  0.766  .an  radiation. 
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2b65  (continued) 

Supcrt  luorescent  thresholds  were  observed  at  less  than  6 m.l/cm'  input 
energy  density  in  a 5-nsec  pulse  for  an  atomic  mercury  density  greater 
than  3 x lt)'^  cm-'. 

2bbb  S.  J.  Brosnan,  K.  N.  Fleming,  R.  I . Herbst,  and  K.  L.  Byer, 

"Tunable  Infrared  Generation  bv  Coherent  Raman  Mixing  in  H,." 

We  have  generated  continuously  tunable  infrared  output  between 
1.5  and  ll  ..m  by  coherent  Raman  mixing  in  H,  gas  at  20  atm  using  a Nd:YAG 
laser-pumped  l.iNbOj  parametric  oscillator  as  the  input  source.  The  co- 
herent Raman  mixing  method  offers  significant  advantages  over  stimulated 
Raman  scattering  for  frequency  conversion. 

2bb8  R.  Feinberg,  R.  F.  Foots,  J.  Rubbmark,  and  A.  L.  Schawlow, 

"Ground  State  Relaxation  Measurements  bv  Laser-Induced 

Depopu 1 at  ion . " 

We  have  directly  measured  the  repopulation  rate  tor  an  individual 
rotational  level  in  the  electronic  ground  state  of  a homonuclear  molecule. 

A pulsed  dye  laser  was  used  to  depopulate  fv",J")  level  of  Na > bv  pumping  a 
transition  of  the  form  (v',J')  ■»  in  the  B 1 nvl  - x'l't  blue-green 

band  system.  The  (v",J")  state  was  repopulated  by  collisions  with  other 
sodium  species  and  with  an  argon  buffer  gas.  The  transmission  of  a second, 
delayed,  pulsed  dye  laser  was  monitored,  serving  as  a probe  of  the  fv",J") 
state's  population  at  various  delav  times.  The  argon  pressure  was  varied 
and  the  procedure  repeated.  The  Xu '-argon  collision  cross  sect  ion  mav  also 
be  determined  by  this  method. 

2669  W.  A.  Harrison,  "The  Physics  of  Solid  State  Chemistry." 

Between  the  extremes  of  a chemist’s  empirical  observation  of 
chemical  trends  and  a physicist’s  a priori  calculations  of  energy  bands 
lies  the  possibility  of  simple  approximate  model  calculations  ot  solid-state 
properties.  Those  which  relate  the  bonding  properties  to  the  underlying 
electronic  structure  of  specific  systems  are  a part  of  solid-state  chemis- 
try. Such  theories  are  less  accurate  than  empirical  int erpo 1 a t i on  where 
sufficient  data  exist,  but  provides  intuitive  understanding  and  allow 
studies  beyond  the  range  of  existing  experiments.  Thev  are  also  less 
precise  than  a priori  calculations,  which  however  onlv  move  with  diffi- 
culty beyond  calculations  of  the  energy  bands  themselves. 

In  simple  metals  the  basis  for  such  theorv  was  provided  bv 
pseudopotential  perturbation  theory.  In  covalent  and  ionic  sol  ids  1 GAO 
theory  seems  more  successful . We  discuss  how  a single  set  ot  atomic  and 
interatomic  l.l’.AO  parameters  can  provide  element. irv  predictions  ot  Imost 
the  entire  range  or  properties  of  covalent  and  tonic  solivts.  We  see  in 
particular  how  to  ost  imate  electronic  energy  levels  in  heterogeneous  svs 
terns  and  at  surfaces.  We  also  explore  questions  related  to  effective 
charges  and  to  angular  rigidity,  with  emphasis  on  ionic  solids.  Fin  con- 
cepts ot  ion  sot  ten itn;  and  the  chemical  gr i p are  useful  in  describing  the 
corresponding  numerical  calcul at  ions . 
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2670  R.  L.  Herbst,  H.  Komine,  and  R.  L.  Byer,  "A  200  md  Unstable 

Resonator  Nd:YAG  Oscillator." 

We  have  designed  and  operated  a positive  branch  6.3  mm  diameter 
rod  Nd:YAG  unstable  resonator  oscillator  with  a 12  nsec,  200  mJ  Q-switched 
output  at  10  Hz  repetition  rate.  When  followed  by  a single  9 mm  diameter 
Nd:YAG  amplifier  output  energies  up  to  750  mJ  were  obtained  with  a di- 
vergence less  than  0.5  mrad. 

2673  R.  L.  Byer  and  E.  R.  Murray,  "Remote  Monitoring  with  Laser 

Sources . " 


Single-ended  depth  resolved  absorption  measurements  of  pollu- 
tants in  the  atmosphere  are  now  possible  with  high  energy  tunable  laser 
sources.  Present  system  performance  capabilities  include  detection  sensi- 
tivities to  approximately  10  ppb  with  depth  resolutions  of  less  than  100  m 
for  ranges  exceeding  3 km.  Single-ended  long  path  absorption  measure- 
ments out  to  ranges  greater  than  12  km  are  now  possible.  In  this  chapter 
the  measurement  methods  are  briefly  reviewed  followed  by  detailed  discus- 
sion of  two  operating  remote  monitoring  systems. 

2674  0.  F.  Moore  and  M.  R.  Beasley,  "Tunneling  Observations  of 

Pelayed  Flux  Entry  and  Surface  Barriers  in  N'b(Sn." 

The  results  of  a study  of  flux  entry  into  Nb^Sn  using  tunnel- 
ing are  described.  It  is  found  that  barriers  to  flux  entry  as  large  as 
170  mT,  well  in  excess  of  the  lower  critical  field  Hc ^ , are  possible  in 
bulk  N'b,Sn.  Important  details  of  the  magnetic  field  dependence  of  the  sur- 
face barrier  are  also  reported. 

2677  D.  E.  Prober,  M.  R.  Beasley,  and  R.  E.  Schwall,  "Fluctuation- 

Induced  Diamagnetism  and  Dimensionality  in  Superconducting 
Layered  Compounds:  TaSj (pyridine)  j ^ and  NbSe.,." 

The  results  of  an  investigation  of  f luctuat ion-induced  dia- 
magnetism in  superconducting  layered  compounds  are  presented.  These 
results  are  used  to  establish  the  dimensionality  of  the  superconducting 
fluctuation  effects  near  T . Compounds  studied  include  the  inter- 
calated compound  TaS,  (pyridine)  ^ j ^ , and  unintercalated  NhSe.,  and  TaS  ^ ( Se^ 
The  susceptibility  above  Tc  , and  magnetization  in  the  superconducting 
state,  were  measured  in  fields  up  to  327  Oe  with  a supereondue t ing  quantum- 
interference  magnetometer  suitable  for  a broad  range  of  sensitive  magnetic 
measurements.  The  operation  and  performance  of  this  magnetometer  are 
described.  Results  for  TaS_ (pyridine) ^ , indicate  that  in  low  fields  and 
near  T , the  fluctuation  effects  are  three-dimensional  in  nature,  where 
this  is  established  via  a comparison  with  previous  results  for  an  isotropic 
alloy,  Pb-5’.  T1 . This  conclusion  as  to  the  dimensionality  of  the  super- 
conducting effects  is  in  accord  with  the  qualitative  predictions  of  the 
Lawrence-Doniach  theory  for  weaklv-couplod  superconduc t ing  layers.  Data 
for  NbSe-  have  a number  of  complicating  features,  and  firm  conclusions 
regarding  this  material  could  not  be  drawn. 
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2679  W.  A.  Harrison,  "Elementary  Theory  of  Heterojunctions." 

An  LCAO  theory  of  heterojunction  band-edge  discontinuities  is 
formulated  and  tested  for  approximate  self-consistency.  It  leads  to  a 
table  of  valence-band  maxima  for  all  tetrahedral  semiconductors;  discon- 
tinuities can  be  obtained  from  the  table  directly  by  subtraction.  The 

discrepancies  with  the  current  scattered  data  do  not  appear  signifi- 

cantly larger  than  the  uncertainty  in  those  data,  a few  tenths  of  elec- 
tron volts.  A pseudopotential  theory  of  such  discontinuities  is  also 
formulated,  based  upon  self-consistent  atomic  pseudopotentials.  This 
leads  to  valence-band  maxima  reasonably  consistent  with  the  LCAO  theory, 
except  for  junctions  between  materials  of  significantly  different  bond 
length.  It  also  suggests  that  the  Frensley-Kroemer  scheme  does  produce 
self-consistency  for  systems  of  matching  lattice  constant,  but  produces 
incorrect  trends  with  mismatch  in  lattice  constant.  The  goal  in  any 

case  is  taken  to  be  a table  of  valence-band  maxima.  LCAO  values  seem  a 

better  standard  than  photoelectric  thresholds,  though  a comparison  of 
the  two  indicates  them  to  be  roughly  consistent  for  treating  junctions 
if  both  sides  are  homopolar  or  if  both  sides  are  polar. 

2680  T.  M.  Waugh  and  G.  S.  Kino,  "Real  Time  Imaging  with  Shear 

Waves  and  Surface  Waves." 

A chirp  focused  phased  array  B-scan  imaging  system  has  been 
employed  to  obtain  cross  sectional  images  in  metals.  Good  quality 
images  with  a field  of  view  of  5 - 20  cm  x 5 cm  of  arrays  of  holes  have 

been  observed  using  shear  waves,  Rayleigh  waves,  Lamb  waves,  and  flexural 

■waves  in  thin  sheets  of  metal.  With  2.5  MHz  Rayleigh  waves,  we  have  de- 
tected and  located  surface  flaws  as  small  as  250  pm  deep  and  1000  pm 
diameter. 

2681  G.  Kino,  W.  Leung,  H.  Shaw,  D.  Winslow,  and  L.  Zitelli, 

"Differential  Phase  Contrast  Imaging  in  the  Electronically 

Focused  Acoustic  System." 

Phase  contrast  imaging,  which  has  been  used  in  optical  imaging 
for  years,  has  recently  been  introduced  into  acoustic  imaging,  in  systems 
using  mechanical  scanning.  In  this  paper,  a phase  contrast  imaging  system 
is  introduced  which  employs  electronic  scanning  and  focusing.  Differ- 
ential phase  contrast  imaging  is  used,  which  compares  the  phases  at  adjacent 
points  on  the  object  which  are  separated  by  a constant  distance  along  the 
scan  line.  The  advantage  of  differential  phase  contrast  imaging,  as  com- 
pared to  fixed  reference  phase  contrast  imaging,  is  that  the  reference  and 
signal  beams  travel  almost  identical  paths,  suppressing  the  effects  of  vi- 
bration, temperature,  and  other  external  influences.  The  present  system 
consists  of  an  acoustic  receiver  using  a 100-element  PZT  array,  which  has 
two  identical  main  beams  separated  slightly  in  space,  focused  at  the  same 
distance  and  scanned  simultaneously.  The  relative  phases  between  the  two 
beams  can  be  varied,  and  for  "dark  field"  imaging  they  are  set  180°  out  of 
phase.  The  output  of  the  receiver  then  reproduces  either  the  phase  distri- 
bution across  the  object,  or  its  spatial  derivative.  Two-dimensional 
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2681  (continued) 

differential  phase  contrast  images  are  obtained  bv  adding  a mechanical 
frame  scan.  The  peripheral  sensitivity  of  this  system  is  presently  12° 
phase  difference,  and  the  ultimate  objective  is  a few  degrees. 

2690  K.  Toots,  .1.  Eckstein,  and  T.  W.  HHnsch,  "Coherent  Two- 

Photon  Excitation  by  Multiphase  Light  Pulses." 

We  have  studied  Doppler-free  two-photon  excitation  ot  atoms 
with  a train  of  phase  coherent  standing  wave  light  pulses,  originating 
from  the  same  laser  pulse.  Quantum  interference  effects  produce  narrow 
spectral  fringes  which  have  a physical  origin  similar  to  that  ol  Kamsov 
fringes.  Linewidths  much  less  than  the  Four ier-t ransf orm  limit  ot  an 
individual  light  pulse  have  been  observed  for  the  sodium  1S-5S  transi- 
tion, and  a dramatic  enhancement  of  the  resonant  signal  is  possible. 

2695  C.  DeSilets,  J.  Fraser,  and  G.  S.  Kino,  "The  Design  of 

Efficient  Broadband  Piezoelectric  Transducers." 

A design  method  for  acoustic  thin  disc  transducers  with  high 
efficiency,  broad  bandwidth,  and  good  impulse  response  is  presented. 

This  method  is  based  on  the  use  of  quarter-wave  matching  layers  between 
the  piezoelectric  material  and  the  acoustic  load.  As  is  made  evident 
using  the  transmission  line  model  of  Krimholtz,  l.eedom,  and  Matthaei,  the 
finite  thickness  of  the  piezoelectric  material  must  be  taken  into  account 
in  the  matching  layer  design.  Criteria  tor  optimum  broadband  transducer 
designs  with  a given  piezoelectric  material  are  developed  which  show  the 
importance  of  a high  electromechanical  coupling  coefficient.  A method 
for  obtaining  Gaussian  shaped  passhands,  necessary  for  optimum  impulse 
response,  is  also  shown.  Several  transducers  have  been  built  to  illus- 
trate this  design  approach  w i t it  excellent  agreement  between  theory  and 
experiment.  One  such  transducer  has  1.2  dll  round  trip  insertion  loss 
and  one  octave  bandwidth. 

2696  A.  G.  Evans,  G.  8.  Kino,  B.  T.  Khuri-Yakub,  and  B.  K.  Tit (maun, 

"Failure  Prediction  in  Structural  Ceramics." 

The  failure  prediction  requirements  and  the  pertinent  accept/ 
reject  criteria  for  structural  ceramics  are  derived,  and  the  available 
failure  prediction  techniques  are  examine,  vis-a-vis  the  failure  predic- 
tion relations,  in  order  to  highlight  the  capabilities  and  limitations  ol 
each  technique.  The  need  for  additional  techniques  is  thereby  demonstrated. 
The  capahil i ties  of  the  ultrasonic  technique  are  extensively  evaluated,  in 
order  to  determine  its  ability  to  satisfy  the  deficiencies  in  t lie  existing 
failure  prediction  repertoire.  The  prospects  are  shown  t o lie  very  encour- 
aging, hut  tlie  results  of  several  kev  studies  must  he  awaited  before  del  til- 
ing the  ultimate  role  ot  ultrasonic  failure  predict  ion  techniques. 
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N.  .1 . Moll  , 


Radiat  ion." 


"Acoustic  Detection  ot  Thermo! 


A iii'w  type  of  uncooled  thermal  imaging  device  is  described.  The 
device  consists  of  an  array  ot  semiconductor  bolometers  scanned  bv  a piezo- 
electric acoustic  delay  line.  The  scanning  is  done  by  charging  the  surface 
of  each  bolometer  by  means  of  a strong  rt  pulse  on  the  delay  line,  and  ob- 
serving the  rate  of  decay  of  the  surface  charge;  this  rate  is  stronglv 
temperature  dependent.  The  detailed  theory  of  operation  ot  the  device  is 
developed,  including  the  processes  of  surface  charging  and  discharging, 
acoustic  attenuation  as  a function  ot  the  semiconductor's  surface  charge, 
thermal  design  problems,  and  noise  processes.  The  fundamental  principle 
of  operation  and  the  practicability  of  meeting  some  thermal  design  require- 
ments are  verified  experimentally  using  silicon  bolometers  on  a lithium 
niobate  delay  line. 

The  significant  theoretical  findings  are  as  follows:  the 
charging  process  takes  place  through  a nonlinearity  in  the  surface  major- 
ity carrier  concentration  vs  applied  field.  Because  ot  the  nonlinearity, 
a large  ac  t told,  such  as  is  produced  by  a 1 watt  per  cent imeter  aconst  ic 
pulse  on  lithium  niobate,  causes  a substantial  increase  in  the  surtace 
carrier  concentration.  The  excess  carriers  are  then  trapped  in  surtace 
states.  The  discharge  process  should  be  controlled  bv  minority  carrier 
generation  in  the  space  charge  region,  at  least  for  silicon.  A new  theory 
ot  acoustic  attenuation  by  a depleted  semiconductor  is  presented.  It  i nil  i 
cates  that  the  main  source  of  attenuation  is  the  release  of  majority  car- 
riers by  charged  surface  states.  The  predictions  ot  this  theory  are  in 
considerably  better  agreement  with  experiment  than  those  ot  previous  theory, 
which  did  not  account  for  the  effect  of  surface  states.  The  noise  perform- 
ance of  the  device  should  be  limited  by  background  quantum  noise  and  by 
statistical  variations  in  surface  state  occupation.  The  low  frequency 
detectivity  of  the  device  should  be  2 * 111*1'  centimeter  per  watt  (u  a 1 Hr 
bandwidth,  but  would  have  a cutoff  frequency  less  than  0.1  Hr  for  a typical 
device.  By  making  0.2S  micron  thick  bolometers  it  should  be  possible  to 
raise  this  frequency  to  1 Hz. 

The  experimental  findings  show  that  the  basic  description  ot  the 
device's  operation  is  exact.  In  particular,  discharge  ot  the  surtace  state 
charge  is  by  minority  carrier  generation,  with  the  expected  temperature 
sensitivity.  Also,  it  is  shown  that  bolometers  can  be  built  with  power 
sensitivity  approaching  the  theoretical  limit,  by  supporting  the  bolometers 
with  small  photoresist  spacers. 

The  totality  ot  t tie  theoretical  and  experimental  results  com 
prise  a foundation  for  the  construction  ot  an  imaging  device  ol  the  type 
described.  Such  a device  could  outperform  exist  ing  uneooled  thermal 
Imaging  devices  over  a practical  range  of  frequencies. 


T 


G.l,.  No. 

2707  C.  K.  Wieman,  "Polarization  Spiv t roscopv  and  t ho  Moasuromont 

of  tho  Lamb  Shift  in  the  Ground  State  if  Hydrogen." 

The  Lamb  shifts  of  tho  ground  state  of  hydrogen  and  deuterium 
have  boon  measured  using  nonlinear  laser  spec t roscopv . The  measured  values 
are  8161.0  1 2 9 MHz  for  hydrogen  and  8183.1  * 29  MHz  for  deuterium,  which 
are  in  excellent  agreement  with  the  theoretical  results.  The  Lyman-a 
isotope  shift  between  hydrogen  and  deuterium  has  also  been  measured,  giving 
a value  ol  67089.  1 + 6.5  MHz.  This  gives  t hi-  t li  st  experimental  coni  infla- 
tion of  the  relativistic  nuclear  recoil  contribution  to  hvdrogenic  energy 
l eve  1 s . 

The  Lamb  shift  was  obtained  by  comparing  four  times  the  energy 
ot  the  Balmer-6  (n**2  to  n»s)  transition  with  the  1S-2S  energy  difference. 

A very  high  resolution  spectrum  of  the  Balmer-p  line  was  obtained  using  a 
single  frequency  cw  dye  laser  and  a new  form  ot  Doppler-free  spec t roscopv , 
polarization  spectroscopy . The  1S-2S  Doppler-free  transition  was  simul- 
taneous! v observed  by  sending  part  ol  the  cw  beam  through  a high  powei 
pulsed  amp  I i I ier  svstem.  The  amplit  ied  pulses  were  then  I requency  doubled 
and  the  doubled  photons  used  to  excite  the  1S-2S  transition  in  a hydrogen 
cell.  Tho  excitation  was  monitored  by  observing  the  121b  \ photons  which 
are  emitted  as  the  2S  state  decays.  The  Lyman-a  isotope  shitt  was  obtained 
by  comparing  the  1S-2S  transition  frequencies  for  hydrogen  and  deuterium. 

The  technique  ol  polarization  spectroscopy  was  developed  speci- 
fically for  this  experiment,  but  has  applications  in  many  other  areas  as 
well.  The  basic  concept  is  that  one  uses  two  counterpropagat ing  laser 
beams  in  a gas  sample.  The  t irst  beam  is  circularly  polarized  to  create 
an  optical  anisotropy,  which  can  he  very  sensitively  detected  by  observing 
its  effect  on  the  linear  polarization  ot  the  second  beam.  Because  the 
beams  are  counterpropagat ing  the  interactions  between  them  are  IVpplci  -tree. 
Polarization  spectroscopy  can  be  100  to  1000  times  more  sensitive  than 
comparable  techniques  such  as  saturated  absorption  spec t roscopv . 

2708  B.  A.  An  Id  and  Bing-Hui  Yeh,  "Piezoel cot r to  Shear  Surface  Wave 

Grating  Resonators." 

This  paper  describes  a new  tvpe  ol  surface  aeoust  tc  wave  grot  ing 
resonator  in  which  the  particle  displacement  ol  the  surface  wave  is  parallel 
to  the  surface.  Bv  contrast,  the  now  well-known  SAW  (Rayleigh  wave)  grating 
resonator  has  its  particle  displacement  in  the  saggital  plane. 

In  the  SAW  resonator  the  function  ot  the  grating  structure,  which 
consists  of  either  grooves  or  metal  strips,  is  to  provide  two  highly  re- 
flecting Rayleigh  wave  mirrors,  between  which  a standing  wave  is  excited  bv 
means  of  an  interdigital  transducer.  The  basic  function  ot  the  grating  in 
the  horizontal  shear  (Sll)  type  ol  surface  wave  resonator  considered  here  is 
quite  different.  An  Sll  surface  wave  cannot  exist  on  a homogeneous  (unlavered) 
substrate  in  the  absence  of  some  periodic  variation,  such  as  a grating,  along 
the  surface.  That  is  to  say,  the  surtace  wave  in  this  case  is  a vib  ational 
mode  of  the  grating  itself.  On  the  other  hand,  the  grating  is  now  not  re- 
quired to  realize  a highly  reflecting  mirror,  because  the  SH  mot  ion  reflects 
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2708  (continued) 

without  spurious  mode  coupling  at  a traction-free  boundary  placed  in  any 
symmetry  plane  of  the  structure.  For  this  reason  this  new  type  of  reso- 
nator promises  a substantial  advantage  in  miniaturization  compared  with 
the  conventional  SAW  resonator. 

SH  surface  wave  resonators  on  PZT-8,  Y-cut,  X-propagat ing 
LiNb03  and  ST  quartz  have  been  fabricated  and  tested.  Kxcitation  was 
by  means  of  an  interdigital  structure  deposited  on  top  of  the  grating 
teeth,  and  the  dimensions  were  chosen  to  give  a resonance  in  the  region 
of  1 to  2 MHz.  The  groove  depth  was  in  the  range  of  0.01",  and  it  was 
found  that  the  diamond  saw  fabrication  technique  used  did  not  provide 
adequate  precision.  Consequently  the  quality  factors  realized  were  low 
(--  1000),  and  use  of  relatively  shallower  etched  grooves  at  higher  fre- 

quencies is  clearly  called  for. 

Since  a sufficient  condition  for  the  existence  of  this  type  of 
surface  wave  is  a periodicity  of  the  conditions  along  the  surface,  another 
technique  for  trapping  the  wave  at  the  surface  is  deposition  of  an  array 
ot  metal  strips. 

2709  G.  S.  Kino,  "Acoustic  Wave  Measurements  of  Semiconductor 

Parameters . " 

Various  types  o!  acoustic  surface  wave  techniques  for  measuring 
the  parameters  of  a semi eonduc tur  are  discussed  in  this  paper.  These 
Include  techniques  to  measure  mobility,  carrier  density,  surface  state  den- 
si  tv,  and  trapping  time  in  surface  states. 

2710  H.  Komine  and  R.  L.  liver,  "Optically  Pumped  llg,.  Studies." 

The  continuous  emission  bands  of  molecular  mercury  at  0.1  IS  and 
0.485  pm  are  excited  in  a pure  mercury  vapor  by  direct  optical  pumping  ot 
the  weakly  bound  ground  state  molecules  with  a 5 nsec  pulse  ot  intense 
0.266  pm  radiation  in  order  to  study  the  radiative  and  collisional  proper- 
ties of  the  excited  molecules  at  densities  between  10*^  and  10*1*  cm-*. 
Fluorescence  time  history  of  both  bands  are  empirically  analyzed  in  terms 
of  dynamics  governing  the  excited  molecules.  The  analysis  includes  a 
density-dependent  nonexponential  decay  caused  by  bimolecular  exc inter 
quenching  with  a measured  rate  constant  of  k * 2 * 1 ' 10“***  cm*  sec-* 
molecule-*.  Because  of  interest  in  the  mercury  system  as  a potential 
laser  medium,  estimates  of  gain  coefficients  are  derived  from  I luorescent 
power  measurements.  However,  transmission  measurements  ol  the  excited 
medium  at  0.125  and  0.4416  pm  show  significant  net  loss  due  to  excited 
state  absorption  with  an  estimated  absorption  cross  section  on  the  order 
of  10“*'  cm-  at  0.325  pm.  Knergy  storage  limitations  implied  by  the  bi- 
molecular  exeimer  quenching  are  also  examined. 
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2712  Max  Artusy  and  A.  E.  Siegman,  "Saturable  Absorber  Overlap  of 

Iodine  127  with  the  Optically  Pumped  546-nm  Mercury  Laser." 

127 

A single  isolated  saturated-absorption  feature  in  ly  using 
the  optically  pumped  546.1-nm  Hg  laser  has  been  observed  with  low  ('6  MHz) 
resolution.  The  -*•  Hg  laser  transition  can  be  centered  exactly 

on  this  feature  by  varying  the  N2  buffer  gas  pressure  using  the  measured 
pressure  tuning  rate  of  -9.4  MHz/Torr.  This  may  provide  an  attractive 
laser  system  for  absolute  wavelength  stabilization. 


2715  P.  Borden  and  G.  S.  Kino,  "Input  Correlation  with  the  ASW 

Storage  Correlator." 

By  correlating  during  readin,  we  correlate  signals  of  much 
greater  length  than  could  be  stored  within  the  device,  thereby  obtaining 
a large  improvement  in  TB  product. 


2725  P.  Borden  and  G.S.  Kino,  "The  Charging  Process  in  the  Acoustic 
Surface  Wave  P-N  Diode  Storage  Correlator." 

We  demonstrate  analytically  and  experimentally  that  the  acoustic 
surface  wave  p-n  diode  storage  correlator  may  be  charged  either  very  quickly 
or  very  slowly,  depending  on  the  input  signal  levels,  and  independent  of  the 
diode  storage  time.  Thus,  the  same  long  storage  time  device  is  usable  for 
both  high-speed  and  slow  (such  as  integrating)  applications. 

2726  S.E.  Harris,  "Spontaneous  Anti-Stokes  Scattering  as  a High 
Resolution  and  Picosecond  Time  Scale  VUV  Light  Source." 


A VUV  and  soft  x-ray  light  source  based  on  spontaneous  antl- 
Stokes  scattering  from  atomic  population  stored  in  a metastable  level  is 
proposed.  It  is  shown  that  the  source  has  a maximum  brightness  equal  to 
that  of  a blackbody  at  a Boltzmann  temperature  characteristic  of  the  popu- 
lation of  the  metastable  level.  This  maximum  brightness  is  attained  as  the 
media  approaches  two-photon  opacity.  The  source  should  have  high  resolution, 
may  be  of  picosecond  time  scale,  and  on  a pulsed  basis  should  be  brighter 
than  other  laboratory  scale  VUV  light  sources. 

2727  S.E.  Harris  and  J.C.  White,  "Numerical  Analysis  of  Laser  Induced 

Inelastic  Collisions." 


The  paper  studies  the  dynamics  of  (dipole-dipole)  laser  induced 
collision  processes.  Coupled  equations  are  numerically  integrated,  first 
over  time,  and  then  over  impact  parameter.  Transition  probability  and 
collision  cross  section  are  given  as  a function  of  the  detuning  from  the 
r = 00  frequency  of  the  separated  atoms,  and  of  the  incident  laser  power 
density.  Numerical  results  are  compared  with  approximate  formulae  for 
collision  cross  section  tit  line  center  and  in  the  wing. 
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2729  J.E.M.  Goldsmith  and  1 .N.  Knyazev,  "A  Simple,  Compact,  High- 

Repetition-Rate  Hydrogen  VUV  Laser  for  Scientific  Appl lea- 
t ions . ” 

The  operation  of  a simple,  compact,  high-repet it  ion-rate  VUV 
hydrogen  laser  is  described  in  detail.  The  laser  xises  a 111 uml  o in-typo 
transverse  discharge  system  with  a very  narrow  profiled  discharge  channel 
and  a low  inductance,  nitrogen  pressurized,  triggered  spark  gap  switch. 
The  l^ser  produces  20  p.l  pulses  of  approximately  1/2  nsec  duration  at 
lt'00  A (corresponding  to  a peak  power  ot  about  40  kWl  . The  dependence 
of  the  pulse  energy  on  the  operating  parameters  of  the  laser  is  reported. 
Laser  action  in  nitrogen,  neon,  and  XeF*  has  also  been  observed. 

2731  11. K.  Wickramas inghe  and  Celia  Veack,  "Nonlinear  Imaging  of  an 
Edge  in  the  Scanning  Acoustic  Microscope." 

When  harmonics  are  produced  in  the  scanning  acoustic  micro- 
scope, the  resultant  images  have  a complex  appearance  which  requires  in- 
terpretation. A theoretical  calculation  of  the  distribution  ot  harmonic 
radiation  has  been  made  tor  the  case  of  a focused  beam  scanning  across 
the  edge  of  an  object  such  as  a Mylar  sheet  suspended  in  water.  The 
results  show  that  most  of  the  harmonic  signal  is  generated  in  the  water, 
and  that  diffraction  causes  the  appearance  ot  fringes  in  the  image. 
Experimental  results  agree  with  the  theory. 

2732  R.E.  Toots,  F.V.  Kowalski,  W.T.  Hill,  N.  Orison,  and 
T.W.  Hanseh,  "Laser  Polarization  Spectroscopy." 

Polarization  sped roscopv  makes  use  ot  the  polarization  depen- 
dence of  the  nonlinear  interaction  between  two  laser  beams  in  a gaseous 
medium.  The  1 user- induced  optical  anisotropy  is  calculated  using  a rate 
equation  approach,  and  the  effect  ot  this  anisotropy  on  a polarized  probe 
beam  is  derived.  The  method  is  useful  for  IVippl er-f roe  spec t roscopv , for 
s imi 1 t f icat ion  of  molecular  spectra,  and  for  relaxation  studies.  A com- 
parison with  other  IV>ppler-f ree  saturation  spectroscopy  methods  shows  an 
advantage  in  signal-to-nolse  for  polarization  spectroscopy.  Recent  high 
resolution  experiments  with  hydrogen,  molecular  sodium,  and  nitrogen 
dioxide  are  presented. 

2713  A.  Atalar,  C.F.  (Junto,  and  tt.K.  Wickramas  inghe , "Phase  Imaging 

in  Reflection  with  the  Acoustic  Microscope." 

When  a polished  surface  of  a single  crystal  is  examined  with  a 
converging  acoustic  beam  the  reflected  signal  has  a characteristic  re- 
sponse that  is  dependent  upon  the  elastic  properties  of  the  reflecting 
surface.  This  property  can  be  used  in  the  acoust tc  microscope  t o monitor 
the  thickness  of  layers  deposited  on  these  surfaces  and  t he  small-scale 
variations  of  the  elastic  parameters  in  these  materials. 
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2737  B.T.  Khuri-Yakub  and  G.S.  Kino,  "A  Now  Technique  for  Excitation 

of  Surface  and  Shear  Acoustic  Waves  on  Nonpiezoelectric  Mater- 
ia Is." 

An  interdigital  transducer  deposited  on  a piezoelectric  sub- 
strate has  been  used  to  excite  SAW  on  nonpiezoelectric  materials  bv  using 
a fluid  coup  1 ant . The  piezoelectric  substrate  is  held  at  an  angle  to  the 
nonplezoelectric  material  so  as  to  match  the  tangential  k vectors  of  the 
surface  waves.  Experiments  have  been  carried  out  with  a LiNbO^  piezo- 
electric substrate  and  a ceramic  such  as  SiC  or  Si3N^  with  a fluid  cou- 
plant.  At  a center  frequency  of  100  MHz,  the  estimated  conversion  effi- 
ciency of  the  surface  wave  from  the  piezoelectric  to  the  nonpiezoelectric 
material  is  -3.5  dB.  The  results  compare  favorably  with  a normal  mode 
coupling  theory  we  have  developed  which  predicts  -2.7  dB  efficiency. 

2741  H.C.  Tuan  and  G.S.  Kino,  "A  Monolithic  7.  inc-Ox  ide-on-S  i 1 icon 
P-N  Diode  Storage  Correlator." 

A monolithic  zinc-oxide-on-silicon  p-n  storage  correlator  has 
been  constructed.  When  operated  both  as  a convolver  and  as  a storage 
correlator,  the  electronic  efficiency  obtained  with  this  device  is  com- 
parable to  that  of  the  present  I.iNbOj  airgap  devices.  This  device  has 
the  potential  of  having  very  large  dynamic  range  because  of  the  absence 
of  spurious  bulk-wave  generation,  as  occurs  in  the  airgap  device.  Several 
signal-processing  functions  have  been  demonstrated  with  this  new  type  of 
storage  correlator.  In  one  chirp  correlation  experiment,  correlation  of 
signals  with  a time-bandwidth  product  of  4000  has  been  observed. 

2742  G.S.  Kino,  "The  Application  of  Reciprocity  Theory  tv' 

Scattering  of  Acoustic  Waves  by  Flaws." 

The  reciprocity  theorem  and  the  scattering  matrix  formalism  of 
electromagnetic  theory  have  been  adapted  tv’  obtain  formulas  for  scat  tv-r- 
ing of  acoustic  waves  from  flaws.  The  technique  has  been  applied,  in  the 
Born  approx imat ion,  tv'  determine  scattering  of  the  plane  waves  bv  small 
flaws,  and  with  an  elastostatic  approximation  to  find  the  scattering  from 
a flat  elliptical  crack.  A third  example  is  a treatment  of  the  optical 
approximat ion  to  scattering  from  a curved  interface  between  two  media.  In 
all  cases  results  are  obtained  which  are  applicable  for  flaws  placed  either 
in  the  Fresnel  region  or  Fraunofer  region  of  unfocused  transducers,  or  near 
the  focal  point  of  a focused  transducer.  A fourth  example,  given  in  the 
Appendix,  uses  the  reciprocity  theory  tv'  derive  the  axial  field  of  a piston 
transducer  in  contact  with  the  surface  of  a solid. 

2743  T.W.  Hansch,  "Measuring  the  Wavelength  of  light  with  a Self- 
Calibrating  Grating." 

A novel  scheme  for  absolute  wavelength  measurements  with  a 
grating  spectrograph  is  proposed.  A grating  with  special  multiple  rulings 
is  illuminated  with  a reference  laser  of  known  wavelength  to  project  a 
ruler-like  diffraction  pattern  of  equidistant  wavelength  calibtation  lines 
directly  onto  the  unknown  spectrum. 
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2744  S.  Kim,  K.K.  Howard,  and  M.R.  Beasley,  "Thermal  Stability  of 
Superconductors  with  Large  Surface  Barriers  to  Flux  Entry: 
Superconducting  Power-line  Conductors." 

The  effect  of  surface  barriers  to  flux  entry  on  the  stability 
of  superconductors  at  low  fields  is  considered  theoretically  in  the  con- 
text of  the  usual  critical-state  model.  The  presence  of  such  a barrier 
is  found  to  greatly  reduce  overall  stability  unless  a thin  normal-metal 
overcoat  is  used  to  stabilize  the  superconductor.  The  relevance  of 
these  results  to  superconducting  power  transmission  lines  is  discussed. 

2745  R.  Trutna  and  A.E.  Siegman,  "Laser  Cavity  Dumping  Using  an 
Antiresonant  Ring." 

A New  method  for  laser  cavity  dumping  using  an  antiresonant 
ring  laser  cavity  and  an  electrooptic  phase  modulator  has  been  demon- 
strated on  a CCH  laser  at  10.6  pm . Experimental  results  are  summarized 
and  the  cavity  and  modulator  design  considerations  for  this  type  of 
cavity  dumping  are  reviewed  in  this  paper.  Although  the  initial  experi- 
ments were  done  at  10.6  pm,  the  antiresonant  ring  technique  may  be  par- 
ticularly advantageous  for  high-power  lasers  such  as  ruby  and  Nd:glass 
in  the  visible  and  near  !R.  A modified  form  of  the  antiresonant  ring 
for  accomplishing  extremely  fast  phase  switching  is  also  proposed. 

2752  H.C.  Tuan  and  G.S.  Kino,  "Large  Time  Bandwidth  Product 
Correlation  and  Holographic  Storage  with  an  ASW  Storage 
Correlator. " 

High-resolution  (375  Hz)  spectrum  analysis  has  been  performed 
by  correlating  long  signals  during  the  read-in  process.  In  a ZnO-on-Si 
storage  correlator  a new  holographic  storage  technique  is  demonstrated 
to  achieve  chirp  compression  with  large  compression  ratio  (*\.  8000)  and 
Improved  dynamic  range. 

2753  H.  Komine,  "Energy  Storage  and  Two-Photon  Extraction  from 
Metastable  States." 

This  report  presents  experimental  studies  on  the  energy 
storage  characteristics  of  excited  metastable  species  and  theoretical 
analysis  of  optical  energy  extraction  schemes  based  on  stimulated  two- 
photon  transitions.  Metastable  states  of  atoms  and  molecules  have 
recently  received  attention  as  optical  energy  storage  media  for  poten- 
tial high  power  laser  applications.  The  large  energy  capacity  and  long 
lifetime  of  metastable  states  offer  attractive  properties  for  generating 
high  energy  optical  pulses  for  laser  fusion  and  photochemical  studies. 
Recent  experimental  results  on  the  metastable  states  of  molecular  mercury 
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2753  (continued) 

illustrate  some  of  the  important  properties  of  energy  storage  in  a gaseous 
medium.  In  particular,  eollisional  deactivation  of  excited  metastable 
species  by  mutual  two-bodv  quenching  and  by  molecular  formation  are  dis- 
cussed in  relation  to  storage  limitations.  The  measured  quenching  rate 
constant  in  the  mercury  dimmer  system  suggests  a maximum  storage  density 
on  the  order  of  1 0 1 ' cm~^  with  a lifetime  of  0.1  microsecond,  which  corre- 
sponds to  an  optical  energy  capacity  of  50  joules  per  liter.  The  optical 
extraction  of  energy  stored  in  an  inverted  metastable  system  using  stimu- 
lated two-photon  transitions  offers  nonlinear  characterist ics  not  avail- 
able in  the  ordinary  laser  amplifiers.  Since  the  extraction  efficiency 
is  an  important  amplifier  parameter,  the  growth  of  an  optical  pulse  in 
the  steady-state  approximation  is  investigated  theoretically  including 
the  saturation  of  the  medium.  Analytical  expressions  for  the  extraction 
efficiency  of  an  ideal  two-photon  emission  amplifier  are  derived.  The 
feasibility  of  two-photon  amplifier  is  discussed  with  two  proposed  systems 
in  atomic  mercury  and  atomic  iodine.  The  semi-empirical  methods  of  gain 
calculation  are  described  for  the  near-resonance  case  and  the  non-resonant 
case.  The  vise  of  spherical  tensor  operator  algebra  and  the  evaluation  of 
electric  dipole  matrix  elements  in  the  intermediate  angular  momentum 
coupling  scheme  are  discussed.  The  experimental  requirements  for  the  pro- 
posed systems  based  on  the  calculated  gains  indicate  that  the  currently 
available  pumping  methods  and  trigger  laser  sources  may  lead  to  a demon- 
stration of  two-photon  amplification  and  energy  extraction. 

2756  D.  Corl , "A  CTD  Adaptive  Inverse  Filter." 

An  inverse  filter,  incorporating  a charge-transfer-device 
(CTD),  tapped  analog  delay  line  and  digitally  programmed  tap  weights, 
is  reported.  This  computer  controlled  analog  processor  performs  a r.ero- 
torcing  algorithm  under  software  control.  The  inverse  filter  (or  trans- 
versal equalizer)  is  demonstrated  with  an  LC  resonator  as  the  distorting 
medium.  The  results  show  that  this  processor  permits  partially  overlap- 
ping distorted  impulses  to  be  clearly  discriminated. 

275d  A.  Atalar,  "An  Angular-Spectrum  Approach  to  Contrast  in 

Reflection  Acoustic  Microscopy." 

The  scanning  acoustic  microscope  in  the  reflection  mode  has 
proved  to  be  a rather  simple  and  direct  means  for  monitoring  the  elastic 
properties  of  a solid  surface.  When  smooth  surfaces  of  crystalline  materi- 
al are  examined  in  a liquid  with  a highly  convergent  sound  beam  they  ex- 
hibit a distinct  response.  This  characteristic  response,  which  can  be 
treated  as  a "signature",  is  obtained  by  recording  the  output  of  the  micro- 
scope as  the  spacing  between  the  acoustic  lens  and  the  object  is  varied. 

An  angular-spectrum  approach  is  used  to  derive  an  expression  for  this  out- 
put in  terms  of  the  reflectance  function.  This  function  has  an  angular 
dependence  determined  by  the  bulk  constants  of  the  material  itself.  The 
expression  resulting  from  this  treatment  can  be  used  to  explain  the  source 
of  contrast  in  acoustic  images. 
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27b2  R.H.  Hammond,  "Synthesis  and  Physical  Properties  of  Super- 

conducting Compound  Films  Formed  by  the  Electron-Beam 
Codeposition  of  the  Elements." 

Electron-beam  codeposition  of  the  elements  to  form  certain 
high  critical  temperature  superconducting  materials,  in  particular  A-15 
compounds,  has  proven  to  be  very  useful  in  research  directed  at  under- 
standing and  improving  their  superconducting  properties.  This  work 
has  used  the  close  control  of  three  or  more  evaporant  sources  to  repro- 
ducibly  make  specimens  that  permit  studies  across  selected  regions  of 
composition  and  phase  space.  The  effect  of  composition  and  phase,  to- 
gether with  the  temperature  and  rate  of  deposition,  on  the  growth 
morphology  and  superconducting  properties  has  been  studied.  The  super- 
conducting properties  measured  include  the  critical  temperature,  ac  loss, 
critical  current  density,  and  tunnel  Junction  characteristics.  The  par- 
ticular compounds  studied  include  Nb-jSn,  Nb^Ge,  and  V'-jSi. 

2766  L.J.  Zych  and  J.F.  Young,  "Limitation  of  3547  X to  1182  X 
Conversion  Efficiency  in  Xe." 

We  report  experiments  which  indicate  that  the  3547  X -*•  1182  X 
conversion  efficiency  in  Xe-Ar  mixtures  is  limited  bv  Kerr-induced  dis- 
persion to  about  0.9%.  The  mixed-frequency  third  order  nonlinearity 
X^^(-3w,  3u , — u' , to)  significantly  alters  the  index  of  refraction  at 
1182  X in  the  presence  of  large  power  densities  at  3547  X,  affecting 
phasematching.  We  suggest  using  a Xe-Mg-Ar  mixture  to  reduce  the  effect, 
thus  permitting  increased  efficiencies. 

2767  S.J.  Poon  and  T.H.  Geballe,  "The  Eliashberg  Function  a~F(to) 
and  Phonon  Spectrum  F(ui)  . A Simple  Model  for  an  Amorphous 
s-p  Superconductor." 

A simple  expression  of  the  Eliashberg  function  a*”F(to)  for  an 
amorphous  s-p  superconductor  is  obtained.  One  finds  that  ot-F(to)  = (1/to)  x 
£q(L(q) + N (q) ) 6(w  - toq)  where  q includes  phonon  branch  index;  N(c|')/wq 
is  the  N-process  which  conserves  "lattice"  momentum;  l.(q)/toq  replaces  the 
ll-process  in  the  crystalline  phase  and  it  selects  "lattice"  momentum 
through  the  structure  factor  of  the  amorphous  phase.  Both  L(q)  and  N(q) 
are  evaluated  using  the  Heine-Animalu  pseudopotential  form  factor  and  ex- 
perimental structure  factor.  A qualitative  deconvolution  of  the  phonon 
spectrum  F(w)  from  ci"F(ui)  for  four  alloys  is  attempted.  The  main  find- 
ings are: 

(i)  Due  to  the  non-conservation  of  "lattice"  momentum  in  the  conven- 
tional sense,  a-F(w)  depends  linearly  on  to  in  the  very  low-to  region 
similar  to  Bergmann’s  results  on  disordered  superconductors.  The  calcu- 
lated first  derivatives  of  a*-F (to)  are  in  good  agreement  with  tunneling 
data  on  amorphous  superconductors. 
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(ii)  The  deconvoluted  F(ui)  are  in  better  agreement  with  theoretical 
results  obtained  using  the  Morse  potential  than  the  Lennard-Jones  potential. 

(iii)  The  Hopf ield-McMillan  parameter  r|  tends  to  decrease  in  the 
amorphous  phase.  Results  (ii)  and  (iii)  are  discussed  in  terms  of  struc- 
tural short-range  order  in  the  amorphous  state.  For  the  purpose  of  com- 
parison. a similar  calculation  is  made  for  crvstalline  Pb,  it  is  found 
* 

that  there  is  no  unambiguous  enhanced  a-F(u))  in  the  low-a)  region. 

2774  P.M.  Grant,  "Signal  Processors  Based  on  Combined  Charge 

Coupled  Devices  and  Surface  Acoustic  Wave  Devices." 

Signal  processors  based  on  combined  Charge  Coupled  Device  (CCD) 
and  Surface  Acoustic  Wave  (SAW)  components  are  reviewed.  Emphasis  is  placed 
on  the  realization  of  wide  bandwidth  (10  MHz)  Fourier  transform  processors, 
with  many  transform  points  (>  10^).  Design  approaches  interfacing  untapped 
CCD  shift  registers  for  time  compression  with  SAW  chirp  transform  processors 
are  reported.  Other  designs  based  on  multiplexed  CCD,  CZT's  or  Coherent 
Memory  Filters  are  also  described.  These  CCD-SAW  Fourier  analyzers  are 
shown  to  have  application  as  temporal  processors  for  Radar  Doppler  fil- 
tering. The  potential  impact  of  one  and  two  dimensional  spatial  transform 
processors  for  Sonar  beam  forming  is  also  examined. 

2776  J.  Fraser,  G.S.  Kino,  and  J.  Birnholz,  "Cepstral  Signal  Proces- 
sing for  Tissue  Signature  Analysis." 

The  reflected  signal  received  by  an  ultrasonic  transducer  is 
modeled  as  a convolution  of  a transducer  response  with  a reflection  func- 
tion for  the  target  region.  Cepstral  analysis  translates  that  signal  into 
a domain  where  those  components  interact  additivelv  rather  than  through 
convolution  and  where  separation  can  be  accomplished  with  simple  bandpass 
filtering  operations.  The  cepstral  transform  of  the  pulse  echo  signal  also 
provides  direct  access  to  any  periodic  behavior  of  reflectors  arising  from 
their  spacing.  As  an  example  of  these  capabilities,  the  technique  is  used 
experimental lv  to  describe  the  characteristic  spacing  of  macrostructural 
reflecting  elements  in  the  pig  liver  in  v^itro  and  to  determine  the  fre- 
quency dependent  attenuation  behavior  of  normal  human  liver  in  vivo. 

2777  B.T.  Khuri-Yakub,  A.G.  Evans,  G.S.  Kino,  and  B.R.  Tittmann, 
"Acoustic  Surface  Wave  Scattering:  The  Detection  of  Surface 
Cracks  in  Ceramics." 

An  acoustic  surface  wave  technique  for  detecting  surface  cracks 
in  ceramics  has  been  devised.  The  technique  has  been  demonstrated  to  detect 
cracks  at  least  as  small  as  60  pm  in  depth,  with  the  detectability  limit  for 
individual  cracks  being  imposed  by  the  size  distribution  of  the  adjacent 
background  cracks.  The  attenuation  of  the  surface  wave  has  also  been  attri- 
buted (at  least  in  structural  ceramics)  to  the  surface  cracks,  and  pre- 
liminary correlations  between  attenuation  and  the  large  extremes  of  the  crack 
size  distribution  have  been  reported. 


2778  I.J.  Zych,  J.  l.ukasik,  J.K.  Young,  and  S.E.  Harris,  "Laser- 

Induced  Two-l’hoton  Blackbodv  Radiation  in  the  Vacuum  Ultra- 
violet." 

We  report  experimental  measurements  on  a new  type  oi  vacuum- 
ultraviolet  radiation  source.  It  is  shown  that  the  maximum  source 
brightness,  within  its  narrow  linewidth,  is  that  ot  a blackbody  at  the 
temperature  T of  a metastable  storage  level.  The  laser-induced  emis- 
sion at  569  X t rom  a He  glow  discharge  corresponded  to  a metastable 
temperature  of  22,700°K  and  was  over  l 00  times  brighter  than  the  584-X 
He  resonance  line. 

2779  W.A.  Harrison,  "Theorv  of  Polar  Semiconductor  Surfaces." 

Effective  atomic  charges  ot  atoms  at  the  surface  and  in  t he 
bulk  of  a polar  semiconductor  are  systematically  calculated  by  modifying 
the  nuclear  charges  of  a homopolar  semiconductor  and  estimating  the  elec- 
tronic charge  redistribution.  Poisson's  equation  is  then  integrated 
through  the  surface  to  determine  possible  charge  accumulation  or  possible 
dipole  layers,  both  ot  which  are  assumed  energet  ieallv  untavorable. 

Finally,  the  simplest  surface  geometry  is  sought  which  contains  neither. 

A planar  (though  reconstructed)  surface  is  favorable  on  a (110)  face,  but 
we  obtain  a (111)  As  face  with  an  overlayer,  corresponding  to  one  quarter 
of  an  atomic  plane  of  Go  . A similar  overlayer  was  suggested  bv  Noskor, 
Mark,  and  bovine  but  it  is  proposed  here  that  the  da  atoms  are  in  bridg- 
ing positions  saturating  three  quarters  of  the  dangling  As  hybrids.  A 
corresponding  geometry  with  da  and  As  interchanged  is  anticipated  tot 
the  (111)  Ga  surface.  These  are  consistent  with  the  observed  1 x 1 on 
(110)  and  2x2  on  (111)  Ga  . but  the  observed  1 x i on  v 1 i 1 ) As  must 
be  attributed  to  random i cat  ion  of  the  pattern  since  a true  1 x ) gives 
charge  localization.  On  the  (100)  surface  the  simplest  favored  geometry 
is  a 1 x pattern  two  atom  layers  deep  and  analogous  to  the  Webb  model 
ot  the  2 x i reconst  rue t ion  on  silicon  (100)  surfaces.  The  observed 
centered  2 ' S Is  not  consistent  with  a favored  pattern  less  than  tour 
atom  layers  deep. 

2780  r.W.  Hanseh,  "New  Methods  of  Laser  Spec t roscopv  . " 

New  techniques  ot  nonlinear  laser  spectroscopy  provide  powerful 
t oo 1 s for  studies  ot  atoms  and  molecules:  Coherent  two-photon  exoitut ion 
with  multipli  light  pulses  produces  narrowband  spectral  interference  tringes 
and  stronglv  enhanced  resonant  signals,  and  holds  promise  t or  vet \ high 
resolution  spectroscopy  of  atomic  hydrogen,  laser  po lar i cat  ion  spectroscopy 
is  a method  of  floppier-free  spec t roscopv , which  greatly  surpasses  saturated 
absorption  spectroscopy  in  sensitivity,  bv  monitoring  t hi'  nonlinear  inter- 
action of  two  laser  beams  in  a gas  via  changes  in  light  polarization  rather 
than  intensity.  The  method  has  been  very  successtullv  used  tot  a study  ot 
the  hydrogen  Balmer  b line.  Tolar icat  ion  labeling  with  laser  light  can 
unravel  the  complexities  of  molecular  absorpt ion  spectra  bv  identifying  all 
ahsorpt  ion  lines  with  a common  lower  level. 
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J.  Fraser,  B.T.  Khuri-Yakub,  and  G.S.  Kino,  "The  Design  of 
Efficient  Broadband  Wedge  Transducers." 


A simple  coupled-mode  theory  has  been  developed  for  acoustic- 
surface-wave  wedge  transducers.  Surface-wave  transducers  have  been 
fabricated  to  operate  on  aluminum  using  water  as  the  wedge  material.  The 
measured  efficiency  was  68°;.  at  2.75  MHz,  the  theoretical  value  being  81'. 
Transducers  have  also  been  fabricated  to  operate  on  glass  with  a rubbery 
solid,  RTV  615,  as  the  wedge  material.  The  experimental  and  theoretical 
efficiencies  of  this  transducer  at  3.2  MHz  were  35  and  50°,  respectively. 
The  surface-wave  leakage  coefficient  of  RTV  615  on  glass  has  been  measured 
and  found  to  be  in  excellent  agreement  with  theory. 

2782  A.L.  Schawlow,  "Laser  Interactions  with  Materials." 


Some  of  the  phenomena  occurring  when  a laser  light  beam  strikes 
a solid  are  considered,  with  special  attention  to  infrared  light  and  opaque 
materials  such  as  metals.  If  the  light  is  absorbed,  very  rapid  heating  can 
occur,  followed  by  melting  and  removal  of  materials  by  vaporization  or 
expulsion.  Highly  reflecting  metals  like  copper  can  become  absorptive  at 
high  intensities,  bv  a number  of  processes  whose  relative  importance  depends 
on  such  fa  tors  as  the  power  densitv,  pulse  length,  the  absorptivity  and 
the  ambient  medium.  At  still  higher  power  levels,  the  material  may  be 
shielded  for  a time  by  a plasma  cloud  above  the  surface.  Deformation  of  the 
molten  surface  can  also  increase  the  absorption  of  laser  light. 

2786  W.R.  Green  md  R.W.  Falcone,  "Inversion  of  the  Resonance  Line  of 

Sr+  Produced  by  Optically  Pumping  Sr  Atoms." 


We  report  inversion  and  lasing  on  the  optically  pumped  resonance 
line  of  Sr+.  A mode  locked  frequency  doubled  dve  laser  was  tuned  to  excite 
the  dipole  allowed  two-electron  transition  5s-  ^ S - ■idSp^p'j1  in  Sr  vapor.  The 
same  laser  then  ionized  the  excited  atoms,  selectively  producing  ions  in  the 
Sr+  Sp'P^/i  excited  level.  The  inversion  density  with  respect  to  the  Sr+ 
ground  level  was  approximately  10^  cm~“. 


2788  D.F.  Moore,  "Electron  Tunneling  into  the  A15  Superconductors : 

Nb^Sn , V^Si  , and  Nb^e." 

This  thesis  describes  oxide-laver  tunnel  junctions  which  have 
outstandingly  good  quasiparticle  (Giaever)  and  pair  (Josephsonl  tunneling 
characteristics.  The  junctions  we  make  on  thin  films  of  the  superconductors 
niobium-three-t in  and  vanadium-three-silicon  are  greatly  superior  devices  to 
any  other  junctions  on  high  critical  temperature  superconductors  in  the  A15 
crystalline  phase  reported  in  the  literature. 


The  good  thin  films  made  in  the  multi-electron-beam  coevaporation 
system  at  Stanford  are  the  secret  behind  this  success.  Satisfactory  tun- 
neling barriers  form  by  oxidation  of  the  evaporated  niobium-tin  films  in 
air  at  room  temperature  before  deposition  of  a lead  or  aluminum  counter- 
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e I ec  t rode . In  tin'  ease  ol  vanadium-si  I iron  the  thermal  oxide  produces 
junctions  with  ve  iv  poor  our  ten  t - vo  I I age  charact  i r 1st  irs  . However,  the 
deposition  ol  .in  i'xtr.1  sllioiui  layer  between  two  and  sixteen  nanometers 
tliiek  on  the  Iresli  vanadium  s i I Iron  I i 1 ins  before  exposure  to  air  results 
in  exeel  lent  tunnel  junet  ions. 

Tunnel  junet  ions  with  artificial  (silicon  with  a silicon 
oxide  layer)  harriers  are  made  on  both  niobium-tin  and  vanadium-silicon. 
Tilts  technique  for  controllably  lubricating  hairiers  mny  have  impor- 
tance in  the  industrial  application  ol  the  AT'  superconductors  for 
dev  i ce  maim  I ac  t lire  . 

We  study  the  supei  oondiio t ive  proper!  ies  such  as  the  energy 
gap  and  critical  temperature  as  a (unction  ol  composition  oi  the  A15 
I 11ms.  The  junctions  on  n ioh i um-t  in  are  suitable  tor  a quantitative 
study  of  the  tunneling  densitv  of  states.  from  the  data  we  calculate 
the  e I ec t ton-phonon  spectral  fund  ion  which  describes  the  internet  ion 
responsible  for  superconduct  ivltv.  It  is  interest ing  that  as  the  com- 
pos i t (on  is  changes  I rum  twenty-  I ive  to  twenty  atomic  percent  I in, 
n ioh lum-t  in  changes  from  a strong-coupling  suporconduc tor  with  a high 
c r i t leal  temperature  to  a weak-coup I ing  suporeotuluo t or  with  a low 
c r i t I ca  I t emperat  lire  . 

Another  study  made  possible  hv  the  availability  ol  excellent 
junet  ions  on  the  Al‘>  suporconduc  t ors  is  an  exaininat  ion  ol  their  low 
I leld  behavior.  We  observe  delayed  I luxoid  entry  and  the  existence 
ol  a surface  barriei  of  order  one  hundred  and  seventy  tiillliTesla  in 
niobium-tin  and  van. id i um-s i I icon . These  data  he i p explain  the  poten 
I ial  ill  ilitv  i'l  the  A l>  suin'  roonduc  t o rs  in  power  transmission  line  and 
resonant  cavity  appl icat  ions. 

.’7 ‘HI  V’.  .Ilpson  and  I'.K.  Quale,  "Acoust  ic  Microscopy  at  Opt  ical 

Wave  1 engl  lis  . " 

Recent  advances  in  the  I leld  ol  acoust  ic  microscopy  have 
allowed  the  instrument  to  he  operated  at  wavelengths  that  correspond 
to  the  centoi  ol  the  opt  leal  hand.  Kxper iment a 1 results  in  the  term 
ol  acoust  ic  micrographs  are  presented  and  compared  to  their  opt  ical 
counterparts.  It  Is  apparent  that  the  resolving  powei  ol  the  instru- 
ment is  similar  to  that  ol  the  opt  leal  microscope . Also  it  is  scon 
that  the  acoust  ic  micrographs  yield  inform.it  ion  on  the  suhstirluce 
region.  This  informal  ion  is  not  available  In  the  optical  image. 
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-793  W.l’.  Levins,  "Acoustic  Imaging  with  a 100-Element  Elec- 

tronically Scanned  and  Focused  Phased  Array." 

This  report  describes  the  development  and  applications 
o!  an  acoustic  imaging  system  containing  a 100-element  phased 
receiving  array  which  can  scan  and  locus  electronically.  Most  of  the 
experiments  were  carried  out  at  frequencies  around  2 . S Mil.-  although 
frequencies  as  high  as  ti . a MHz  were  used.  High  sensitivity  and  reso- 
lution ol  approximatel v I inm  were  obtained.  Pwo-d imens iona 1 acoust ii 
images  are  formed  with  the  object  illuminated  by  a sheet  beam  from  a 
strip  acoustic  transducer.  Radiation  scattered  from  the  object  is 
detected  bv  the  receiving  array,  which  scans  e leo t ronica 1 1 v along  a 
line  parallel  to  the  strip  transducer,  and  the  object  is  moved 
mechanically  In  the  perpendicular  direction  to  produce  a frame  scan. 
Because  ot  the  large  number  of  elements  and  large  aperture  in  the 
receiving  array,  a field  ot  veiw  of  approximately  2-1  2"  and  as  mam 
as  100  resolvable  spots  per  scan  line  are  obtained. 

The  electronic  focusing  and  scanning  in  the  receiving  arrav 
are  achieved  by  using  a traveling  FM  chirp  signal  on  a surface  acoustic 
wave  dolav  line  as  the  phase  reference.  The  local  length  ot  the  receive! 
is  proportional  to  the  slope  of  the  FM  chirp  and  the  scantling  speed  is 
approximately  equal  to  the  speed  of  the  FM  chirp  traveling  in  the  sur- 
face acoustic  wave  delay  line.  For  the  present  system,  the  focal  length 
can  vary  from  11  cm  up  to  more  than  a meter  and  the  scanning  speed  is 
approximately  1.2  mm/ps.  Because  of  the  high  scanning  speed  ot  the 
receiving  arrav,  the  time  required  to  scan  a sample  is  completely  deter- 
mined by  the  speed  of  the  mechanical  scan.  In  general,  an  acoustic 
image  of  an  object  can  be  obtained  in  less  than  a second. 

This  acoustic  imaging  system  is  very  flexible.  It  can  be 
operated  either  in  transmission,  reflection  or  phase  contrast  modes. 

In  the  transmission  or  reflection  mode,  the  sldelobe  level  of  the 
receiving  arrav  can  be  greatly  improved  bv  means  ot  range  gating  al 
though  the  scanning  speed  is  reduced  at  the  same  time.  Wo  have  de- 
veloped two  different  tvpes  ot  phase  contrast  techniques  for  this  sys- 
tem. ['he  first  type  measures  the  first  derivative  of  the  phase  profile 
of  an  object  white  the  second  type  detects  the  direct  spatial  phase 
variations.  The  tirst  tvpe  is  more  suitable  for  objects  with  acoustic 
impedance  close  to  that  of  water  and  the  second  tvpe  is  geared  toward 
objects  with  large  acoustic  Impedance  compared  with  that  ot  water. 
I'liorefore,  these  two  tvpes  ot  phase  contrast  technique  are  complement arv 
to  each  other. 

We  have  used  this  acoust ie  imaging  system  to  examine  some 
industrial  materials.  We  are  able  to  detect  all  Known  defects  in  the 
bondings  ot  planar  laminate  panels  ot  boron  fibers  bonded  tv'  titanium 
plates,  supplied  tv'  ns  by  North  American  Rockwell,  at  a speed  two  orders 
ol  magnitude  taster  than  convent  tonal  methods.  We  are  also  able  tv’ 
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dulcet  some  ol  I In'  liultvis  In  Itoneveomh  structures,  whloh  are  verv 
impel (ant  In  t bo  aircraft  induslrv.  With  (bo  dlt t event tal  phase  oon 
t t ast  modi',  wo  ato  ablo  to  ilotoot  aooust  lo  phase  sbflts  smut  lot  titan 
■'0‘  In  plastli  samples.  With  t bo  double  pulse  rnodo,  aooust  io  voloo 
itv  variations  small  or  than  I part  in  I O'*  in  motal  samples  oan  bo 
resolved.  As  a result,  changes  i\t  aooust  to  voloottv  introduced  bv 
stress  or  strain  oan  bo  dot  oo  toil  In  Ibis  loolniiipio.  Kooontlv,  two 
dimensional  images  ol  residual  sttoss  and  strata  patterns  in  alumt 
mint  disk  samples  have  boon  obtained.  1'boso  are  believed  to  bo  t he 
litst  quasi -real  time  aooust  io  images  ot  Ibis  kind. 

'v,'‘  V . V . Kowalski,  W.T.  Hill,  and  A.I.  Sobawlow.  "Saturated* 

1 n I or  I o retie  o Spool  rosoopv  . " 

I'bo  background  in  salntal  ion  spoo  I rosoopv  is  do,  teased  bv 
butane  tag  the  probe  beam,  in  amplitude  and  phase,  against  a soeond 
probe,  using  a oonl  igurat  ion  I ike  a damin  Intel  ieromolet  . Ibis  im- 
proves the  s t gun  1 - 1 o-no i so  rat  io.  II  the  phase  is  ad(uslabto  to  pro 
vide  best  balanoo  while  the  lasot  is  tuned,  the  signal  is  propot 

t tonal  to  the  square  ol  the  absorption,  and  the  llnovtdth  Is  aoeord 

Ittglv  reduced. 

' "l,‘’  .1.1'.  White,  "Inversion  ol  I be  Na  Kesouanee  1 (no  bv 

Seleetlve  Piloted  i ssoe  i at  i on  ol  Na  1 . " 

This  hotlot  repot t s the  Inversion  and  intense  supei 
I 1 uoreseent  emission  ol  the  Na  resonanoe  line  In  seleetlve  photo 
,1  issue  iat  ion  ol  Na  I . flto  tilth  harmonie  ol  a 0 swltohed  NdtVAit 

lasot  at  1 ,'S  \ was  used  lo  phot  od  i ssoe  i a I e Na  1 to  the  unbound 

state  Na(lp'l'l  t l('|''  ' P \ <1.  Super  I 1 not  eseonee  at  the  ‘>S  c>  \ 

resonanoe  line  was  observed. 

.'"'18  d.N.  l.kslefn,  A.I.  l'etguson,  and  l.W.  Ilauseb.  "High 

Resolution  IVo  Photon  Spool rosoopv  with  P i eoseeond 
light  Pulses." 

We  have  demonstrated  the  leasthilitv  ol  Popplot  I i ee 
two  photon  spool rosoopv  with  a train  ol  pi  eoseeond  standing  wave 
light  pulses  lii'm  a svnehronous 1 \ pumped  mode  looked  ew  dve  lasei  . 

Ibe  aotfvelv  eontrolled  mode  spool  rum  provides  a means  lot  aoourate 
measui  enietil  s ol  large  f requeue,  intervals.  from  a multipulse  spe, 

I I nut  ol  the  sodium  Is  id  transit  ion  we  have  determined  a new  value 
ol  the  id  line  struoture  splitting,  ld.'S.  > ‘ 0 , Mile 
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2800  Peter  Borden,  "The  Storage  Correlator:  Theory  and  Signal 

Processing  Applications." 

This  report  presents  a complete  analytic  theory  of  the 
acoustoelectric  storage  correlator,  and  experimental  applications 
which  demonstrate  its  versatility  as  a signal  processor.  Within 
tlie  storage  correlator,  externally  applied  signals  interact  with 
the  potentials  associated  with  an  acoustic  surface  wave  traveling  on 
a piezoelectric  substrate.  A spatially  varying  charge  pattern  is 
thereby  stored  in  a linear  array  of  semiconductor  diodes.  Application 
of  a later  reading  signal  yields  the  convolution  or  correlation  of  the 
reading  signal  and  the  stored  charge  pattern. 

A number  of  modes  of  both  storing  the  charge  pattern  and 
reading  it  have  been  reported.  The  theory  provides  analytic  predic- 
tions of  the  device  performance  for  most  of  these  modes  of  operation 
and  most  reported  device  structures.  Experimental  confirmation  ot  the 
theory  is  given. 

Particular  attention  is  paid  to  the  transient  characteristics 
of  p n diodes.  It  is  shown  both  theoretically  and  experimentally  that 
their  response  is  nearly  equivalent  to  that  of  fast  diodes  fe.g.,  Schottkv 
diodes)  in  this  application.  As  a consequence,  they  may  be  charged  quick- 
ly (in  nanoseconds)  and  can  retain  their  charge  for  long  times  (seconds). 

A working  device  has  been  demonstrated.  Rev  details  of  its 
construction  are  discussed.  Particular  attention  is  paid  to  methods 
for  reducing  spurious  signal  generation  and  to  an  evaluation  of  alter- 
nate diode  array  structures. 

A variety  of  signal  processing  results  are  presented  to  demon- 
strate the  storage  correlator's  versatility  as  a signal  processor.  Corre- 
lations performed  with  various  phase  coded  sequence  indicate  the  device's 
capabilities  and  limitations.  A system  application  is  shown,  in  which  it 
is  used  as  a phase  distortion  filter  to  enhance  the  resolution  of  an 
acoustic  pulse-echo  system.  Novel  applications,  such  as  an  electronically 
variable  tapped  delay  line  and  a variable  pulse  expander  are  described. 
Finally,  the  device  is  used  to  correlate  input  signals.  In  mam  appli- 
cations, this  technique  increases  the  effective  time-bandwidth  product 
severa 1 fold . 

280s  R.  A.  Baumgartner  and  K.  I..  Byer,  "Remote  SO  ■>  Measurements 

at  4 pm  with  a Continuously  Tunable  Source." 

Remote  atmospheric  measurements  of  SO,  were  performed  using 
a differential  absorption  lidar  with  a continuously  tunable  1 iNhOq  para- 
metric oscillator  and  amplifier  source  in  the  4.0-ptn  region.  A compari- 
son of  Injected  gas  concentrat  ion  in  a remotely  located  sample  chamber 
with  t he  lidar  measurements  through  the  chamber  showed  measurement 
agreement  within  experimental  error  and  a detection  sensitivity  foi  SO' 
of  0.4  part  in  10^  km. 
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2806  G.S.  Kino,  J.B.  Hunter,  G.C.  Johnson,  A.K.  Selfridge, 

D.M.  Barnett,  G.  Herrmann,  and  C.R.  Steele,  "Acousto- 
elastic Imaging  of  Stress  Fields." 

An  acoustic  technique  for  measuring  inhomogeneous  stress  in 
externally  loaded  solids  is  described.  This  method  requires  a measure- 
ment of  transit  time  of  a longitudinal  acoustic  wave  through  a stressed 
thin  metal  specimen  using  a small  diameter  water  coupled  acoustic  trans- 
ducer. The  transducer  is  mechanically  scanned  over  the  surface  of  the 
sample  by  a computer  controlled  system  and  transit  time  measurements 
are  made  at  discrete  points.  Predictions  of  velocity  variation  with 
stress  using  the  theory  of  nonlinear  elasticity  are  employed  to  relate 
acoustic  transit  time  to  stress  levels  at  field  points  in  the  specimen. 
Stress  field  contour  plots  are  developed  and  compared  with  theoretical 
results.  Samples  investigated  include  uniaxial  tension  specimens  ol 
aluminum  and  steel,  an  aluminum  plate  containing  a central  hole,  and  a 
double  edge-notched  aluminum  panel,  both  under  fat-field  tension. 

2808  B.A.  Au Id,  "General  F.leetromechanical  Reciprocity  Relations 

Applied  to  the  Calculation  of  Elastic  Wave  Scattering  Coef- 
f ic ients . " 


General  electromechanical  reciprocity  relations  are  applied 
to  the  calculation  of  elastic  wave  scattering  coefficients  observed  at 
the  electrical  terminals  of  the  transducer  used  in  performing  an  experi- 
ment. Both  direct  baekscatter  and  two  transducer  geometries  are  con- 
sidered. The  general  formulation  is  applicable  to  anisotropic  media, 
hut  is  applied  as  an  example  to  Rayleigh  wave  scattering  from  a surface- 
breaking  crack  on  an  isotropic  substrate.  This  method  et  analysis  is 
applicable  to  both  the  Born  and  quasistatie  approximation  and  is  valid 
for  hulk,  Rayleigh  and  plate  wave  transducers  using  any  single  trans- 
duction mechanism. 

2810  S.F..  Harris  and  J.F.  Young,  "Rapid  baser  Induced  Rnergv 

Transfer  in  Atomic  Systems." 

We  describe  experimental  and  theoretical  results  on  two 
related  methods  of  rapidly  transferring  stored  population  t rom  metastable 
states  to  selected  target  states  of  a different  species.  These  are  the 
laser  induced  or  switched  coll  ision,  and  laser  Induced  two-photon  spon- 
taneous emission. 

When  the  energy  defect  between  initial  and  {Inal  states  ot 
two  colliding  atoms  is  large  with  respect  to  kT  the  cross  section  lor 
inelastic  collision  is  small.  A switched  collision  process  ut  ilir.es  one 
or  more  photons  to  conserve  energy  and  can  result  In  large  cross  sections 
Into  selective  states.  Numerical  calculations  show  that  the  effect  maxi- 
mizes for  a laser  frequency  corresponding  to  the  energy  difference  ot  the 
relevant  states  of  the  infinitely  separated  atoms.  Experimental  results 
are  presented  which  verify  this  prediction. 
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2810  (continu'd) 

The  laser  induced  two-photon  spontaneous  source  is  par- 
ticularly suited  to  the  vacuum  ultraviolet  spectral  region.  Popu- 
lation Is  stored  in  the  metastable  level  of  a selected  species,  at 
an  energy  of  1 a tunable  laser  of  frequency  u)_  then  induces 

radiation  at  frequencies  Wyuy  “ ^21  * u’p  which  is  tunable,  narrow 
band,  of  short  timescale,  and  very  bright.  Experimentally  we  have 
used  a He  glow  discharge  and  a mode-locked  Nd : VAC  laser  to  create  a 
source  at  569  X with  a brightness  over  100  times  that  of  the  He  584  X 
resonance  line. 

2813  P.D.  Corl,  G.S.  Kino,  C.S.  DeSilets,  and  P.M.  Grant, 

"A  Digital  Synthetic  Focus  Acoustic  Imaging  System." 

A new  real  time  synthetic  focus  digital  acoustic  imaging 
system  has  been  developed.  It  operates  by  exciting,  with  an  impulse, 
one  element  of  a transducer  array,  digitizing  the  return  echo  and 
storing  it  in  a Random  Access  Memory.  This  process  is  repeated  for 
all  the  array  elements  and  using  the  focus  informat  loti  which  has  been 
loaded  from  the  mini  computer,  t lie  system  generates  a series  of  swept  - 
focus  lines  perpendicular  to  the  arrav  face.  In  comparison  to  earlier 
computer  based  dvstems,  our  processor  handles  data  at  rates  sufficient 
to  generate  real  time  images. 

As  only  one  transducer  at  a time  is  excited,  it  has  been 
necessary  to  develop  a high  efficiency  broadband  transducer  arrav 
with  quarter  wavelength  matching  layers.  The  arrav  we  have  developed 
has  an  11  dB  return  loss,  a 2.7  4.1  MHz  frequency  range  with  an 

impulse  response  approximately  2-1^2  cycles  long.  The  digital  pro- 
cessor operates  at  a 10  16  MHz  sample  rate  with  8-bit  quantization. 

Theoretical  and  experimental  results  are  presented  for  a system  with 
a 9(>  line  display  employing  8 and  32  active  transducer  elements. 

2814  V . Domarkas,  B.T.  Khuri-Yakub,  and  G.S.  Kino,  "Length  and 

Depth  Resonances  of  Surface  Cracks  and  Their  Use  tor  Crack 

Size  Estimation." 

Angular  scattering  from  surface  cracks  has  been  used  tot- 
determining  the  length  of  a surface  crack.  This  technique  assumes 
the  physical  availability  of  space  to  carry  out  an  angular  scattering 
experiment,  and  makes  no  estimation  of  the  depth  of  the  crack.  In  this 
work,  we  report  a new  technique  where  the  scattering  from  surface  cracks 
is  made  versus  frequency,  at  one  angle  of  incidence  only.  length  and 
depth  resonances  of  the  crack  are  observed  and  used  to  estimate  the 
crack  geometry.  We  made  our  measurements  on  EDM  notches  in  steel.  The 
geometry  of  the  crack  has  been  predicted  with  an  aceuracv  of  10-  20"... 
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A review  will  In-  presented  ot  our  real  time  analog  and 
digital  phased  array  B scan  aeoust  le  Imaging  systems.  We  will  dis- 
cuss the  recent  results  taken  with  our  analog  I'M  chirp  focused  system 
operating  in  the  gated  mode.  litis  technique  removes  completely  the 
sidelohes  which  have  degraded  earlier  systems.  With  it  we  have  been 
able  to  obtain  acoustic  images  in  metal  samples  with  surface  waves, 
lamb  waves,  shear  waves,  and  longitudinal  waves.  We  have  detected 
small  ret  lectors  o t less  than  1 mm  diameter  in  the  neighborhood  ot  an 
end  wall  and  have  obtained  images  ot  small  cracks,  both  when  they  are 
placed  parallel  and  at  large  angles  tv'  the  acoustic  array.  The  prin- 
ciples v't  two  alternate  digital  imaging  systems,  one  based  on  chirp 
focusing  and  the  other  a synthetic  aperture  approach  will  a 1 so  be 
described.  The  latter  system  samples  and  stores  the  return  echo  sig- 
nals in  digital  memories  for  subsequent  processing,  in  real  time,  to 
produce  the  focused  image  only.  The  principles  of  these  systems  will 
be  described  here. 

.’819  S.K.  Harris,  .1.  l.ukasik,  d.F.  Young,  and  1..J.  Tych, 

"Ant  i-Stv'kes  Kmission  as  a VUV  and  Soft  X-Ray  Source." 

A VUV  and  soft  x-ray  light  source  based  on  spontaneous 
anti-Stokes  scattering  from  atomic  population  stored  in  a metastable 
level  is  described.  Unique  properties  v't  this  source  include:  narrow 
linewivlth,  tunabilitv,  linear  po  1 arizat  ion , picosecond  time  scale,  and 
quite  high  spectral  brightness.  We  show  how  the  maximum  source  bright- 
ness, within  its  narrow  linewivlth,  is  that  of  a blackbodv  at  the  tem- 
perature i v'l  a metastable  storage  level.  Kxperimental  results  showing 
laser  induced  omission  at  S69  X and  b37  X I rom  a He  glow  discharge  are 
described.  1'ho  use  v't  the  anti-Stokes  process  for  direct,  internal 
energy  transfer  from  a storage  species  tv'  a target  species  is  discussed. 

JS.’l  R.K.  Toots,  "Polarization  labeling  Spectroscopy  v'l  Molecules. 

A new  method  of  molecular  spectroscopy,  called  polarization 
labeling  spec t roscopv , has  been  developed  to  allow  one  to  study  molecules 
in  a specific  rot  a t (onal -v i bra t Iona  1 ground  state  level,  without  intor- 
terence  from  molecules  in  nearby  levels.  A polarized  pump  laser  is  used 
tv'  orient  molecules  in  a specific  level  bv  optical  pumping.  This  effec- 
tively labels  those  mi' 1 ovules,  and  they  can  be  sensitively  vie  tec  ted  by 
their  effect  on  the  polarization  v'l  a probe  laser.  By  probing  with  a 
very  broad  band  laser,  a large  port  ton  v'l  the  absorption  spectrum  v't  the 
labeled  state  can  be  recorded.  This  spectrum  gives  direct  information 
about  thv'  spacings  v'l  the  excited  state  levels,  which  are  d i t 1 icult  tv' 
determine  by  convent ional  methods. 
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Polarization  labeling  was  investigated  by  taking  speetra 
ot  the  sodium  dimer.  Ttie  spectra  showed  the  simple  rotational  and 
vibrational  structure  of  the  excited  states.  In  addition,  the  sim- 
plicity ot  ttie  spectra  allowed  the  first  direct  observation  of  a 
forbidden  transition  to  the  a3it  state  which  perturbs  t lie  A 1 V.+  state, 
t’ollisional  transfer  of  the  orientation  to  nearby  rotational  levels  was 
also  observed.  The  much  more  complicated  structure  of  the  excited  states 
ot  nitrogen  dioxide  was  investigated  using  polarization  labeling.  The 
spectra  clearly  demonstrate  the  highlv  perturbed  character  of  these 
states.  Although  t lie  spectra  were  too  complex  to  allow  assignment  ot 
upper  state  vibrational  quantum  numbers,  the  rotational  assignments  for 
many  lines  could  be  made . No  evidence  for  two  step  excitation  to  higher 
excited  states  was  found. 

This  method  is  very  similar  to  the  technique  of  polarization 
spectroscopy  introduced  by  Wieman  and  Hansch  for  high  resolution  spec- 
troscopy.  Their  method  uses  a polarized  pump  laser  to  label  the  zero 
axial  velocity  atoms  in  a gas.  The  probe  spectrum  ot  these  atoms  is  then 
free  of  Doppler  broadening.  In  this  thesis,  the  theory  ot  polar  i .-at  ion 
is  extended  to  include  both  linear  and  circular  pump  polar izat ion.  By 
comparing  the  spectra  taken  with  the  two  types  ot  polarization,  one  can 
easily  distinguish  Q branches  (J.J-ftl  from  P and  R branches.  This  can  be 
verv  useful  since  the  strength  of  Q branch  transitions  depends  on  the 
symmetries  of  the  molecular  states.  Tolar izat  ion  spectroscope  with  a 
single  mode  argon  laser  was  used  to  obtain  the  first  Doppler-free  spectra 
of  nitrogen  dioxide  in  a cell.  The  resolution  of  the  hvpotfino  structure 
was  somewhat  better  titan  results  from  molecular  beam  experiments,  although 
the  sensitivity  of  the  beam  experiments  was  better. 

2822  M.T.  Resell,  R.T.  Khur i-Yakuh , (• . S . Kino,  and  J.l  . Shvne, 

"Stress  Intensity  Factor  Measurement  ot  Surface  tracks." 

An  acoustic  technique  for  measuring  the  maximum  stress  in- 
tensity factor  of  a surface  crack  is  described.  I’sing  glass  samples, 
we  have  formed  surface  cracks,  carried  out  the  measurements  with  a sui 
face  acoustic  wave  probe,  and  predicted  the  fracture  stress  ot  the  glass. 
For  small  enough  cracks,  the  predicted  fracture  stress  is  less  than  V 
in  error  from  the  measured  fracture  stress. 

2821  G.S.  Kino,  d.R.  Hunter,  G.C.  Johnson,  A.R.  Seltridge, 

D.M.  Barnett,  G.  Herrmann,  and  t'.R.  Steele,  "Measure- 
ment of  Stress  Fields  in  Metals." 

An  acoustic  technique  for  measuring  Inhomogeneous  stress  in 
externally  loaded  solids  is  described.  This  method  requires  a measure- 
ment of  transit  time  ot  a longitudinal  acoustic  wave  through  a stressed 
thin  metal  specimen  using  a small  diameter  water  coupled  acoust ic  trans- 
ducer. The  transducer  is  mechanically  scanned  ovet  the  surtace  ot  the 
sample  by  a computer  controlled  system  to  take  stress  ! (old  content  plots. 
The  results  compare  well  with  theory. 


2824  Kino,  "Acoust  iv  Imaging  toi  Nondest  rue 1 tve  Tva 1 uat ion . " 

The  appl  icat  Ion  ot  acoust  ic  imaging  t I't'lin  iquos  to  nondestrui  - 
live  t est  i up  ol  rn.it  or  la  I s is  discussed.  At  tor  a deseript  ion  ot  the  stan- 
dard NUT  techniques  employed  in  tlio  Hold  and  some  oxamplos  ot  mooli. m lea  1 I v 
soannod  imaging  dovtoos,  most  ot  t ho  paper  is  devoted  t o a doseript  ton  ot 
oloo t ron loa 1 1 v soannod  and  focused  systems.  As  holographic  techniques  are 
dosorlhod  by  Mothoroll  in  an  accompany ing  paper,  thev  are  not  dlsoussod 
hero.  It  is  shown  that  the  use  ot  Imaging  toohniques  makes  it  possible 
to  locate  the  position  ot  flaws  quioklv  and  accural ol v . 

2825  V.  Murakami , H.T.  Khur  i-Vakub,  W.S.  Kino,  J.M.  Richardson, 
and  A.W.  Ivans,  "The  Applieation  ot  Adaptive  Filtering  to 
IV foot  Character  i /at  ion." 

I'he  inverse  problem  ot  dofoot  oharao  t i'r  l .rat  ion  has  tvpioall\ 
been  earrled  out  hv  comparing  haok  soatlorod  or  angular  seat  ton'd  powi'r 
speotra  to  thoorotioal  expectations  in  the  frequenov  domain.  Instead, 
wo  ear rv  out  snoh  a oomparison  in  the  time  domain  when’  more  insight  o.tn 
he  pained  as  to  the  souroe  and  amplitude  of  the  returning  oohoos.  Working 
with  dofoets  in  oeramios  w i t li  pulse  lengths  ot  the  order  ol  ns,  the  aeons 
tiv-  signals  are  digitized  and  t od  into  a digital  eomputor.  A Wiener  filter 
is  designed  to  mat  eh  the  transduoer  response,  so  the  impulse  rospoiise  ot 
the  system  approaolios  a delta  t utio  t ion.  The  total  bandwidth  above  the 
noise  level  ot  the  transdueer  is  being  used  instead  o!  the  1 dll  bandwidth, 
thus  giving  a great  improvement  in  tilt'  depth  resolution.  Wo  have  e.irried 
out  theoretical  oaloulat  ions  on  the  response  ot  deteots  in  oeramios  whioh 
indieate  that  different  inolusions  oati  he  easily  identit  ied  by  this  means. 
Kxper imeut a l results  on  real  deteots  are  presented  whioh  demons t rat e the 
power  i't  siii  li  a teohnique  tor  defoot  eharaotei  iirat  ion. 

.’82h  W’.A.  Harrison,  "I'll  tv  Years  ot  Metals  Theory." 

Metallio  properties  have  been  attributed  t o I i ee  eleotrons 
almost  si  nee  the  diseovorv  i't  the  eleetron  in  18°'.  This  hoeame  a theory 
i't  metals  when  Uloch  ami  Sommertelil  applied  quantum  theory  t o tlu'si'  eli'i' 
trims  in  1428,  pri>vlding  the  basis  for  the  subsequent  developemont  i't  t he 
theorv.  That  development  was,  however,  ni't  by  a diroot  prooess  i't  deduo 
t ii'n  but  required  genuinely  new  eoueopts  in  order  to  boeomo  simple  and 
understandable.  l-'our  snob  oonoepts  are  il  isimssi'il  here:  the  quasi 
partiele  state  ol  the  eleetron,  the  represeut.it  ion  ot  its  strong  Intel 
aotion  with  the  atoms  bv  a weak  pseudopot  out  i a I , the  torm.it  ion  ot  a looal 
magnet ie  moment  bv  itinerant  eleotrons,  and  the  suporeonduo t ing  ordet 
through  whioh  the  eleotrons  produeo  the  suporeotidue  t ing  state. 

2828  Y.  Murakami,  H.T.  Khur  i -Yakub , ll.S.  Kino,  .l.M.  Riohardson, 

and  A .(.'.  Twins,"  An  Applioat  ion  ot  Wiener  filtering  to  Non 
dost  mot  ive  Tvalu.it  ton." 

The  inverse  problem  ot  deteot  olutraoter iz.it  ion  is  earrled 
out  bv  comparing  thoorotioal  and  experimental  return  echo  pulses. 

Acoustic  echo  signals  of  the  order  of  2 ns  long  are  digit  i.’ed  and  led 
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2828  (continued) 

Into  .1  digital  computer.  A Wiener  filter  is  designed  tv'  mutch  the 
transducer  response,  so  the  impulse  response  oi  t lie  svstem  approaches 
a delta  function.  Experimental  results  on  defects  in  Si<Nj  ceramics 
are  presented  which  demonstrate  the  power  of  such  a technique  for 
def ec t charac ter izat ion . 

2830  A. I.  Ferguson,  J.N.  Eckstein,  and  T.W.  Hanseh,  "A  Sub- 

picosecond Dye  Laser  Directly  Pumped  bv  a Mode-Locker 

Argon  Laser." 

We  report  on  a mode-locked  cw  dye  laser  which  rel iabl\ 
produces  light  pulses  as  short  .is  850  femt oseconds.  Short  pulse  operu- 
t ion  depends  critically  on  the  stability  and  spectral  purity  ot  a fre- 
quency synthesizer  which  generates  the  radtof requeney  signal  for  the 
acousto-optic  mode-locker  of  the  argon  pump  laser.  The  regular  axial 
mode  spectrum  of  the  dye  laser  extends  over  500  GHz  and  can  provide 
an  accurate  calibration  scale  for  the  spect roscopic  measurement  ot 
large  frequency  intervals.  The  high  stability  ot  the  locked  modes  has 
been  demonstrated  by  observing  Doppler-free  multiple-pulse  two-photon 
spectra  of  the  sodium  3S-5S  transition  with  linowidths  as  nairas  as 
4 MHz. 

28  11  J.N.  Eckstein,  "High  Resolution  Spectroscopy  Psing 

Multiple  Coherent  Interactions." 

We  demonstrate  a new  technique  of  Doppler-free  hi  git  resolu- 
t ion  spectroscopy  that  makes  use  ot  the  coherent  excitation  ot  atoms  in 
a gas  by  a train  ot  pulses.  Flu'  frequency  resolution  is  much  greater 
than  that  obtained  with  a single  pulse.  The  pulse  train  is  tuned  tv'  be 
resonant  with  an  atomic  two  photon  transition,  and  b\  an  appropriate 
mirror  configuration  the  atoms  see  a periodic  sequence  ot  standing, 
waves,  causing  the  excitation  tv'  be  Doppler-free.  The  t requenev  spec 
t rum  of  such  a train  of  pulses  consists  ot  a set  ot  discrete  modes, 
separated  exactly  by  the  inverse  of  the  period  ot  the  pulse  train, 
namely  1 't  . Resonant  multiple  pulse  two  photon  excitation  occurs, 
as  the  mode  spectrum  is  scanned,  when  the  mode  pattern  is  svmmet rical lv 
placed  around  one  halt  the  transition  frequency.  Since  the  modes  are 
precisely  space  apart  in  frequency,  many  pairs  o!  modes  can  then  simul- 
taneously satisfy  the  condition  that  their  sum  frequency  equals  the  two 
photon  transition  frequency.  If  two  atomic  two  photon  transitions  1 io 
under  the  frequency  spectrum  of  a single  pulse,  scanning  the  mode  spec- 
trum by  only  1/2t  vtll  cause  both  transitions  tv'  have  been  excited, 
permitting  frequency  splitting  measurements  over  large  frequency  intei 
vals  tv'  be  made,  modulo  l/2x  . 

Two  experimental  arrangements  were  used.  In  one , a single 
pulse,  tuned  to  excite  the  Na  Is  to  5s  transition,  was  injected  into  an 
optical  resonator  containing  Na  atoms  near  one  mirror.  Th.  sequence  ot 
standing  waves  was  formed  as  the  front  edge  of  the  pulse  overlapped  its 
tail  on  each  round  trip.  Coherent  multiple  pulse  two  photon  excitation 


_ S’  _ 


G . 1 . . No . 


28?  I (continued) 

was  observed  .is  the  mode  frequencies  were  scanned  by  slowly  changing  the 
length  of  the  resonator.  In  the  other  case,  a train  of  picosecond  pulses 
from  a continuous,  synchronously  pumped  mode  locked  dye  laser  was  used. 

As  the  mode  spectrum  was  scanned  resonances  as  narrow  as  4 MHz  were  ob- 
served due  to  simultaneous  excitation  by  several  thousand  modes.  Since 
the  intermode  spacing  is  precisely  controlled  by  the  active  mode  locker, 
driven  by  a stable  radio  frequency  oscillator,  selt  calibrated  splittings 
can  be  reliably  measured  over  frequency  ranges  as  large  as  several  hundred 
fill?  with  only  the  uncertainty  characteristic  of  frequency  measurements  of 
less  than  100  Mil:-..  With  this  technique  we  have  determined  a more  accurate 
value  for  the  Na  4d  fine  structure  splitting,  namely  1028.  S * 0.4  Mil;-, 
which  is  about  10  times  as  precise  as  the  previous  optical  measurement 
using  a single  mode  Laser.  We  have  also  demonstrated  the  feasibility 
of  self  calibrated  polarization  spectroscope  using  the  well  defined  mode 
spectrum  from  the  mode  locked  laser.  This  is  the  one  photon  analog  oi 
self  calibrated  two  photon  spectroscopy. 

Multiple  pulse  spectroscopy  also  offers  the  advantage  that 
efficiencies  for  second  harmonic  generation  are  dramatically  enhanced, 
since,  for  a given  average  power,  the  peak  power  is  increased  by  a factor 
of  r/t0  where  t , is  the  pulse  duration.  For  typical  mode  locked  dve 
lasers,  with  only,  say,  100  mW  average  power,  peak  powers  can  be  as  great 
as  700  W,  causing  Silt;  efficiencies  to  be  around  10“..,  typically  1 1? ' to  1 0 
greater  than  for  single  mode  light.  1'wo-photon  excitation  with  such  a 
doubled  train  of  pulses  should  give  10  times  t hi'  excitation  rate  with 
the  better  frequency  resolution  than  a single  mode  laser  would  offer. 

2832  K.V.  Kowalski,  "New  Methods  in  Laser  Spectroscopy . " 

A wavemeter  capable  of  measuring  t he  absolute  wavelength  of 
cw  laser  radiation  to  one  part  in  10s  is  described.  It  consists  of  a 
two-beam  interferometer  in  which  fringes,  from  a standard  and  unknown 
laser,  are  counted  simultaneously  as  one  arm  of  the  interferometer  is 
moved.  The  standard  and  unknown  beams  travel  identical  paths  in  oppo- 
site directions.  Therefore,  any  vibrations  of  the  interferometer  effect 
both  fringe  patterns  equally.  The  Inset  beams  emerge  at  separate  detec- 
tors so  that  there  is  no  need  for  a dlehrotc  beam  splitter  to  separate 
them  and  measurements  can  be  made  close  to  the  wavelength  of  the  standard 
if  desired.  Moreover,  the  visible  spots  of  light  on  the  mirrors  can  be 
brought  into  coincidence,  ensuring  that  the  two  path  lengths  are  nearly 
identical.  We  also  discuss  the  possibilities  of  data  processing  that 
would  employ  the  same  wavemeter  to  measure  pulsed  laser  sources. 

Saturated  Interference  Spectroscopy , a technique  to  Increase 
the  signal -to-noise  ratio  in  saturation  spectroscopy , is  Introduced.  This 
method  involves  the  Interference  of  two  probe  beams  whose  phase  and  inten- 
sity can  be  controlled  independently  in  a Jamin  interferometer.  Since  the 
saturating  beam  travels  in  the  opposite  direction  of  one  of  the  probe  beams. 
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28  32  (continued) 

the  probe  is  modulated  only  when  both  beams  are  tuned  to  interact  with 
atoms  of  nearly  zero  axial  velocity.  The  method  is  therefore  free  from 
Doppler  broadening.  In  the  present  technique,  the  interference  pattern 
of  the  two  probes  gives  nearly  zero  intensity  until  the  line  is  satu- 
rated. if  the  phase  is  adjusted  to  provide  minimum  intensity  of  the 
interference  pattern  while  the  laser  is  tuned,  the  signal  is  propor- 
tional to  the  square  of  the  absorption  and  the  line  width  is  accord- 
ingly reduced.  Possible  applications  and  othet  methods  of  increasing 
the  signal -to-nolse  ratio  with  this  technique  are  discussed. 

Finally,  an  experiment  to  find  and  identify  two -phot on 
transitions  in  molecular  sodium  is  described.  This  involves  flu'  use 
of  polarization  labeling  incorporating  delays  between  the  pump  and 
broadband  probe  beam.  Three  states,  two  of  which  have  not  been  ob- 
served before,  are  reported.  Preliminarv  molecular  constants  arc  also 
given. 


2833  t'.S.  DeSilets,  "Transducer  Arrays  Suitable  for  Acoust  i. 

Imaging. " 

The  design  and  development  of  piezoelectric  transducer 
arravs  suitable  for  use  in  electronically  scanned  and  focused  acoustic 
imaging  svstems  is  described.  These  arrays  are  designed  to  operate  in 
the  frequence  range  2-5  MHz  within  45”;  to  SO”,  fractional  bandwidth. 
Linear  arrays  of  up  to  ISO  elements  have  been  built  and  used  ext  on— 
sivelv  in  acoustic  imaging  systems.  Particular  attention  is  placed  on 
achieving  high  transduction  efficiency  and  angular  beamwidths  of  at 
1 east  1 1 5° . 


Design  techniques  based  on  the  transmission  line  model  oi 
tltc  transducer  of  Krimholtz,  Leedom,  and  Matthaei  are  formulated  for 
achieving  efficient,  broadband  operation.  These  techniques  involve 
the  vise  of  quarter-wave  matching  layers  between  a high  impedance  ceramic 
and  a low  impedance  load.  Broadband  matching  criteria  are  generated, 
and  a novel  technique  for  selecting  the  quarter-wave  matching  lavor 
impedances  is  described.  The  theoretical  transient  response  of  the 
transducer  is  obtained  by  taking  the  Fourier  transform  of  the  transfer 
function  of  the  transducer.  An  experimental  transducer  built  using  the 
formulated  design  techniques  is  described  and  its  characterist ics  com- 
pared to  theory. 

Slotted  transducer  arrays  employing  fall,  narrow  elements 
are  described.  A one-dimensional  model  of  this  kind  of  element  is 
formulated,  and  the  effects  of  coupling  between  element  resonant  modes 
are  examined.  A variational  theory  for  the  effective  radiation  imped- 
ance of  a narrow  element  is  formulated,  and  the  el  loot  ot  this  impedanvo 
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28)3  (cont inued) 

on  the  transducer  eharac teristies  is  described.  Experimental  results 
with  simple,  highlv  backed  arrays  ot  100  to  120  elements  as  well  as  an 
180  element  double  quarter-wave  matched  array  are  compared  with  the 
theoretical  predictions.  A brief  description  of  the  effects  of  array 
cross-coup! ing  on  the  element  spatial  frequency  response  is  included. 

The  theory  of  unslotted,  monolithic  transducer  arrays  is 
presented  along  with  experimental  results  with  simple,  highlv  backed 
monolithic  arrays.  Problems  with  achieving  a uniform  spatial  frequency 
response  or  an  array  ot  high  acoustic  impedance  elements  radiating  into 
a low  impedance  load  are  detailed.  An  application  of  this  type  of  array 
using  low  acoustic  impedance  material,  PVFn,  is  shown.  The  broad  and 
uniform  angular  response  of  a ceramic  monolithic  array  radiating  intv' 
metal  is  demonstrated. 

28  34  13. A.  Auld,  G.  Elston,  and  P.K.  Winslow,  "A  Novel  Micro- 

wave  Ferromagnet ic  Resonance  Probe  for  Eddy  Current 

Detection  of  Surface  Flaws  in  Metals." 

A new  type  of  eddy  current  probe  has  been  developed  for 
detecting  surface  flaws  in  metals.  Ry  contrast  with  traditional  de- 
vices it  operates  at  microwave  frequencies  and  uses  an  yttrium  iron 
garnet  (VIC)  ferromagnetic  resonator.  Such  resonators  experience  a 
frequency  shift  when  brought  into  proximity  witli  a metal  surface  be- 
cause of  the  perturbation  of  the  microwave  field  external  tv'  the  reso- 
nator. A crack  in  the  metal  disturbs  the  surface  currents  and  produces 
an  additional  perturbation  of  t ho  frequency.  This  paper  reports  the 
basic  principles  of  operation  and  results  of  experiments  performed  on 
machined  slots  in  aluminum.  Fractional  frequency  shifts  as  large  as 
0.5%  were  observed  for  a slot  with  an  opening  115  pm  wide.  An  unloaded 
fatigue  crack  in  a nonmagnetic  stainless  steel  test  sample  was  also 
easily  detected,  in  accord  with  the  simple  theory,  which  predicts  a 
response  proportional  to  the  slot  opening. 

2835  P.M.  Grant  and  G.S.  Kino,  "Adaptive  Filter  Based  on  SAW 

Monolithic  Storage  Correlator." 

Design  of  a wideband  adaptive  filter  incorpora t ing  a Sur- 
face Acoustic  Wave  monolithic  zinc-oxide-on-sil icon  storage  correlator 
is  reported.  Its  operation  is  demonstrated  with  experimental  measure- 
ments of  CW  interference  suppression  in  a simulated  spread  spectrum 
svstem.  These  processors,  which  are  capable  of  adaptive  filtering 
over  1 -20  MHz  signal  bandwidths  in  real  time,  offer  significant  ad- 
vantages in  terms  of  complexity  and  power  consumption  over  equivalent 
digital  systems. 
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2836  R.A.  Baumgartner  and  R.L.  Byer,  "Continuously  Tunable  IR 

Lidar  with  Applications  to  Remote  Measurements  of  SO., 

and  CH, 

4 

Remote  atmospheric  measurements  of  S02  and  CH4  were  per- 
formed using  a differential  absorption  lidar  with  a continuously 
tunable  LINb03  parametric  oscillator  and  amplifier  source  in  the 
1.4- 4.0  ym  region.  A comparison  of  injected  gas  concentration  in  a 
remotely  located  sample  chamber  showed  excellent  agreement  with  a SOt 
detection  sensitivity  of  0.9  ppm-km.  An  ambient  level  measurement  of 
methods  at  the  1.66  ym  overtone  transition  gave  3.9  ± 0.7  ppm.  Per- 
formance predictions  indicate  an  order  of  magnitude  gain  in  sensitivity 
is  possible  with  recently  demonstrated  tunable  source  improvements.  The 
wide  tuning  range  capability  allows  the  measurement  of  numerous  other 
pollutant  molecules  in  the  1.4 -4.0  ym  region. 

2837  R.W.  Falcone,  J.R.  Willison,  J.F.  Young,  and  S.E.  Harris, 
"Measurement  of  the  He  ls2s's  Isotopic  Shift  Using  a 
Tunable  VUV  Anti-Stokes  Light  Source." 

We  describe  a high  resolution  vacuum  ultraviolet  spec- 
troscopic technique  based  on  a tunable,  narrow  band,  VUV,  spontaneous 
anti-Stokes  light  source.  The  technique  was  used  to  measure  the  abso- 
lute energies  of  the  ls2s^S^  states  of  3 He  and  ~<He;  the  ls2s  Sq  level 
^He  is  7.8  + 0.5  cm"'  below  that  of  "*He. 

2838  G.S.  Kino,  P.M.  Grant.  P.D.  Corl,  and  C..S.  DeSilets. 

"Digital  Synthetic  Aperture  Acoustic  Imaging  for  N’DE." 


Real  time  synthetic  aperture  or  synthetic  focus  techniques 
for  acoustic  imaging  have  been  investigated  and  a prototype  digital 
imaging  system  has  been  developed.  It  operates  by  exciting,  with  an 
impulse,  one  element  from  a transducer  array,  digitizing  the  return 
echoes,  and  storing  them  in  a Random  Access  Memory.  When  this  process 
has  been  repeated  for  all  the  array  elements,  the  focus  information  is 
loaded  from  a mini  computer.  The  system  then  generates  a series  of 
swept-focus  lines,  which  are  arranged  perpend icular  to  the  array  face. 

Our  processor  handles  typical  input  data  at  rates  sufficient  to  generate 
real  time  images. 

As  only  one  transducer  at  a time  is  ex.  ited  it  has  been 
necessary  to  develop  a high  efficiency  broadband  transducer  array  with 
quarter  wavelength  matching  layers.  The  arta\  we  have  developed  has  an 
11  dB  return  Loss,  a 2.7  - 4.3  MHz  frequence  range  with  a pulse  response 
approximately  5 half  cycles  long.  Th»  'igitul  pie.  essor  operates  at  a 
10  - 16  MHz  sample  rate  with  8 bit  quant  iz.it  ion.  h>  ret  i al  and  experi- 
mental images  will  be  presented  for  a a vs  ter  wit1  • • ino  d isplav  em- 
ploying 8 and  32  active  transducer  elements,  vh  1 resolution  of 

< 1 mm. 
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J S -♦  t»  K.T.  Howard,  D.A.  Rudman,  and  M.K.  Beaslev,  "Josephson 

Properties  of  Nb  ^Sn/l'b  Tunnel  Junctions," 

Tho  Josephson  properties  of  Nb  jSn  Pb  tunnel  | muttons  formed 
on  electron-heam-doposlted  Nb  (Sn  are  reported.  Ihe  junctions  are  found 
to  have  largo  gaps,  low  leakage,  and  a much  lowet  sped  fie  eapaeltanee 
than  Josephson  junctions  incorporat Ing  Nb  base  elertrodes. 

-8 SO  H.K.  Wlekramaslnghe,  K.C.  Bray,  V.  Jlpson,  C.F.  Quate, 

and  J.K.  Sal  redo,  "Photooeoust.ies  on  a Mterosroplr 
Sea  1 o . " 

We  have  modified  a transmission  neoust ie  microscope  bv 
replarlng  the  Input  lens  with  an  optical  counterpart.  The  input  to 
this  system  routes  from  a mode -looked  and  Q-swltehed  Nd:Y.U.  laser  at 
1 . On  pm.  Aroust  tc  signals  arising  from  thormoel  ast  le  coupl  Ing  are  gen- 
erated In  metallle  films  at  frequencies  determined  bv  the  modulat ion 
etwelope  of  the  optical  beam.  1'he  output  aroust  l>  lens  and  transdurei 
responsive  to  sound  waves  at  840  Mil/,  detect  tho  acoustic  energy  which 
comes  from  the  heated  volume  i~  2 pm  diameter)  near  the  tocal  region. 

1'he  sample  Is  mechanically  scanned  through  the  focal  point  in  a raster 
pattern  to  record  tho  photoacoustic  images.  We  suggest  this  as  a method 
tor  collecting  new  information  on  microscopic  structures. 

.’841  M.T.  Reach,  B.T.  Khuri -Yakub,  O.S.  Kino,  and  J.t'.  Shvne, 

"The  Acoust ie  Measurement  i' t Stress  Intensity  Factors." 

The  maximum  stress  intensity  factor  of  a surface  crack  has 
been  Inferred  by  measuring  the  reflection  coefficient  ol  a Kuvlelgh 
wave  Incident  to  the  crack.  An  neoust  lc  surface  wave  wedge  transducer 
was  used  to  excite  the  incident  wave,  and  to  measure  the  reflected  wave 
amplitude.  The  fracture  stress  ot  I'vrex  glass  specimens  containing  the 
acoustically  measured  cracks  was  determined  in  biaxial  flexure.  1'he 
values  ot  the  fracture  stress  predicted  t rom  acoust I c data  were  found 
to  be  in  excellent  agreement  with  t he  measured  values,  with  less  than 
a IV'  error. 

285T  J.C.  White,  G.A.  T.dasluk,  d.F.  Young,  and  S.H.  Harris, 

"Observation  of  Radiative  i'ollisional  Fluorescence. " 

We  report  t lit'  observ.it  Ion  of  spontaneous  radiative  emission 
during  the  collision  of  two  excited  Ba  atoms.  1'he  emission  occurs  at 
the  sum  energy  ot  the  excited  atoms  and  is  the  emission  analog  ot  the 
laser  Induced  inelastic  collision  process.  Wo  measure  a collision  cross  , 
section  for  de-excitation  by  spontaneous  radiative  emission  ol  . b ' 10“-lVm*. 
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2855  S..I.  Poon  and  .1.  Durand,  "Magnetic  Clusters  Description 

of  Spin  Glasses  in  Amorphous  I,a-Gd-Au  Alloys." 

The  bulk  magnetic  properties  ol  splat-cooled  amorphous  alloys 
ot  composition  ''a80-x^x^u ’0  (0  < x <-  80)  have  been  studied.  Zero-field 
susceptibility,  high-field  magnetization  (up  to  75  kite)  and  saturated 
remanence  have  been  measured  for  temperatures  ranging  from  1.8  to  290°K. 
Detailed  analysis  ot  the  data  based  on  a magnet ic  cluster  description  of 
the  spin-glass  and  micromagnet ic  alloys  (x  < 56)  is  presented.  Our  con- 
centrated spin  glasses  are  represented  hv  rigid  ferromagnetic  clusters 
as  individual  spin  entities  interacting  via  random  forces.  Scaling  laws 
similar  to  those  ot  Hlandin,  Soulotfe,  and  Tournicr  for  the  magnetiza- 
tion arc  obtained  and  presented  graphical Iv  for  the  x < 12  alloys  in  which 
M/x  g(H/x* . T/x)  , where  xA  is  the  concentrat  ion  ot  clusters.  Satura- 
tion remanent  magnetization  is  interpreted  in  terms  of  the  dipolar  aniso- 
tropy model  ol  Tholenee  and  Tournier.  The  strength  of  the  Ruderman- 
Klt t el -Kasuva-Yosida  (RKKY)  interaction  between  clusters  (or  single 

spins  in  the  dilute  alloys)  is  determined  V rom  high  field  magnetization 
data  using  the  I.arkin-Smith  approach.  The  freezing  temperatures  T 
(defined  by  susceptibility  maxima)  ot  dilute  spin  glasses  in  which 
1'n,ox  are  accounted  for  rather  well  using  the  experimentally  determined 
values  ot  Y . An  attempt  is  made  to  explain  the  freezing  temperatures 
of  more  concentrated  spin  glasses  in  which  Tyj  a x'1'  (12  < x < 40). 

It  is  also  shown  that  for  the  x 24  alloys,  the  size  of  the  clusters 
can  be  correlated  to  the  structural  short-range  order  in  the  amorphous 
state.  More  concentrated  alloys  are  marked  bv  the  emergence  ot  cluster 
pereo 1 a t ion . 


2857  R.I..  fiver  and  W.R.  Trutna,  "Ib-pm  Generation  by  GO., -Pumped 

Rotational  Raman  Scattering  in  tl>." 

We  have  generated  50  m.l  of  16.9-ftm  radiation  by  simulated 
ri’tational  Raman  scattering  in  ' atm  of  II,  gas  pumped  bv  a CO . TKA- 
laser  source.  Threshold  was  reached  by  injection  of  a few  microjoules 
ol  16.9-pm  radiation  generated  by  four-wave  mixing.  We  achieved  25".. 
peak  power,  or  40".  peak  photon  conversion  ell  icicncv. 

2589  fi.T.  Khuri -Yakub,  G.S.  Kino,  .1.0.  Shvno.  M.T.  Resell, 

and  V.  llomarkas,  "Surface  Crack  Charact  er  i zat  ion  : 

Oeometrv  and  Stress  Intensity  Tactoi  Measurements." 

rhe  reflection  coef tic  lent  ot  a Kavleigh  wave  at  a surface 
crack  is  measured  in  both  the  long  wavelength  and  the  short  wavelength 
limits.  From  the  long  wavelength  measurement,  the  maximum  value  of  the 
stress  intensify  factor  is  evaluated.  Using  glass  samples,  we  have 
formed  surface  cracks,  measured  their  reflection  coetficicnt,  and  pre- 
dicted failure  stress  with  an  error  ot  less  than  5"  from  the  measured 
fracture  stress.  In  the  short  wavelength  limit,  the  reflection  coef- 
ficient is  measured  versus  trequenev.  length  and  depth  resonances  ot 
the  crack  are  observed  and  used  to  estimate  the  crack  grometrv  with  an 
accuraev  of  10  201  for  RDM  notches  in  steel. 


(>■. 


2862  P.D.  Corl , P.M.  Grant,  and  G.S.  Kino,  "A  Digital  Synthetic 
Focus  Acoustic  Imaging  System  for  NDK." 

A new  real  time  synthetic  aperture  digital  acoustic  imaging 
system  has  been  developed.  It  operates  by  exciting,  with  an  impulse, 
one  element  of  a transducer  array,  digitizing  the  return  echoes  and 
storing  them  in  a Random  Access  Memory.  After  this  is  repeated  for  all 
elements,  the  system  uses  the  focus  information,  which  has  been  previ- 
ously loaded  from  the  minicomputer,  to  generate  an  image  comprising  a 
series  of  swept-focus  lines  perpendicular  to  the  array  face.  As  only 
one  transducer  at  a time  is  excited,  it  was  necessary  to  develop  a high 
efficiency  transducer  array  with  quarter  wavelength  matching  layers. 

The  array  we  developed  has  an  11  dB  return  loss,  with  a 2. 7-4. 3 MHz 
frequency  range.  The  digital  processor  operates  at  a 10-16  MHz  sample 
rate  with  8-hit  quantization.  Experimental  results  are  presented  for  a 
system  with  a 86  line  display  employing  8 and  12  active  transducer  ele- 
ments, to  demonstrate  its  potential  use  in  acoustic  imaging  for  non- 
destructive evaluation  of  mechanical  samples. 

2863  E.W.  Weber  and  J.E.M.  Goldsmith,  "Double-Quantum 

Saturation  Spectroscopy  in  Hydrogen:  Measurement 
of  the  3 P^  , ~ 3 Lamb  Shift." 

Very  narrow  saturated  double-quantum  transitions  (2*’S-  3^8,  1 

have  been  observed  for  atomic  H in  a He-Hi  do  discharge  using  rf  and  a cw 
dye  laser.  The  H (3  P3/1  - 3 Hq/'O  Lamb  shift  has  been  measured  directly 
by  comparing  single-  and  double-quantum  saturation  signals  to  be  -5.3 
(.9)  MHz  confirming  that  1 2 1 ies  lower  than  the  3 Pq/>  state.  Further 

applications  of  the  method  are  discussed. 

2866  C.S.  DeSilets,  A.R.  Selfridge,  and  G.S.  Kino, 

"Highly  Efficient  Transducer  Arrays  Useful 
in  Nondestructive  Testing  Applications." 

Two  types  of  highly  efficient  transducer  arrays  are  described 
which  couple  acoustic  energy  into  the  samples  imaged  in  nondestructive 
testing  applications.  The  first  tvpe  of  array  utilizes  fully  slotted, 
double  quarter-wave  matched  elements  to  couple  the  aooust to  energy  from 
the  high  Impedance  ceramic  to  water,  which  is  used  as  the  transmitting 
medium.  One  such  180  element  linear  array  operating  at  a center  fre- 
quency of  3.5  MHz  has  11  dB  retvirn  loss,  *5"  1 dB  bandwidth,  and  +1  3°  ' dH 

acceptance  angle.  Experimental  results  with  an  improved  double  quarter- 
wave  matched,  fully  slotted  array  are  described  including  8 dB  return  loss 
65".;  3 dB  bandwidth,  and  +44^  1 dB  acceptance  angle. 

A second  type  of  high  efficiency  arrav  uses  unslotted  ceramic 
permanently  attached  to  a high  impedance  buffer  block  which  is  coupled 
directly  to  the  load.  Individual  arrav  elements  are  formed  by  deposition 
of  electrodes  on  the  monolithic  slab  ot  ceramic.  One  longitudinal  wave 
test  arrav  mounted  on  aluminum  is  reported  with  a half  power  beamwidth 
of  +37°. 
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2867  J.E.  Bowers,  U.T.  Khuri-Yakub,  G.S.  Kino,  and  K-H  Yu, 

"Design  and  Applications  of  High  Efficiency  Wideband 
SAW  Edge  Bonded  Transducers." 

Edge  bonded  transducers  (EBTs)  have  the  potential  to  be 
efficient  and  broadband  SAW  transducers  for  signal  processing  and 
nondestructive  testing  applications.  A normal  mode  theory  has  been 
developed  for  the  design  of  EBTs.  EBTs  have  been  made  for  SAW  propa- 
gation on  Quartz  and  Silicon  Nitride  ceramic,  and  the  early  results 
are  in  good  agreement  with  theory. 

2869  G.  Herrmann  and  G.S.  Kino,  "Ultrasonic  Measurements  of 

Inhomogeneous  Stress  Fields." 

An  acoustic  technique  for  measuring  inhomogeneous  stress 
fields  in  externally  loaded  solids  is  described.  This  method  requires 
a measurement  of  transit  time  of  a longitudinal  acoustic  wave  through 
a stressed  thin  metal  specimen  using  a small  diameter  water-coupled 
acoustic  transducer.  The  transducer  is  mechanically  scanned  over  the 
surface  of  the  sample  bv  a computer  controlled  system  to  take  stress 
I ield  contour  plots.  Samples  investigated  include  an  aluminum  plate 
with  a central  hole,  a double  edge-notched  panel  and  a single  edge- 
notched  panel.  In  addition  to  measuring  stress  fields,  the  non- 
destructive determination  ot  stress  intensitv  factors  is  also  discussed. 


66 


IV.  AUTHOR  INDEX 
(by  G.L.  Report  Nos.) 

Note:  G.L.  Reports  Nos.  2651  to  2869  are  listed  in  Section  1 and  if 
they  have  abstracts  (indicated  bv  an  asterisk)  are  listed  in 
Section  III  also.  G.L.  Reports  Nos.  2479,  2536,  2570,  2612, 
2615,  2640,  and  2650  (published  in  this  period  from  manuscripts 
submitted  prior  to  1977)  are  listed  in  Section  II. 

Atalar,  A.,  2735,  2759 
Artusy,  Max,  2712 

Auld,  B.  A.,  2708,  2719,  2808,  2834,  2839 

Barbee,  T.  W. , Jr.,  2659 
Barnett,  I).,  2722,  2806,  2823 
Baumgartner,  K.  A.,  2804,  2836 

Beasley,  M.  R.  , 2612,  2674,  2677  , 2733,  2744,  2846 

B irnholz , .1 . , 27  76 

Bond,  W.  L.,  2536 

Borden,  P.,  2715,  2725,  2800 

Bowers,  J.  E. , 2867 

Bray,  R.  C. , 2850 

Brosnan , S.  J.,  2666 

Bui,  L.,  2570 

Byer,  R.  L. , 2665,  2666,  2670,  2673,  2710,  2836,  2857 
Carlson,  N. , 2732 

Corl , D. , 2721  , 2756,  281  3,  2815,  2838,  2862 

Demtroder,  W. , 2845  ^ 

DeSilets,  C.  S. , 2695,  2813,  2815.  28)3  , 2838,  2866 


Domarkas , 

V 

.,  2814,  2859 

Durand,  .1 

2855 

Ka r 1 y , S . 

% 

2868 

He  k s t e i n , 

J 

. , 2690,  2798,  2830, 

2831 

Elston,  G 

• % 

2834 

Evans,  A. 

G 

. , 2696,  2777,  2825, 

2828 

Fa l cone , 

R. 

W.,  2615,  2786,  2837 

Fein berg. 

R 

. , 2668 

Fo rguson , 

A 

. I.,  2798,  2830 

FI eming. 

R. 

N.,  2666 

Fort unko. 

C 

. , 2536 

Fraser,  .1 

. , 

2695,  2776,  2781 

l’h.D.  Dissertation  (Special  Research  Report) 


Cant ier , H. , 2479 

Geba lie,  T.  H. , 2612,  2767,  2868 

Goldsmith,  J.E.M.,  2729,  2863 

Grant,  P.  M. , 2774,  2813,  2815,  2835,  2838,  2862 
Green,  W.  R.,  26 L5,  2786 


Hallak,  A. 

B. , 2659 

Hammond,  R. 

11.  , 2612,  2659,  2762 

Hansch,  T. 

W.,  2690,  2700,  2732, 

2743, 

Harris,  S. 

F...  2615,  2726,  2727, 

2778, 

Harrison,  Vi 

l.  A.,  2669,  2679,  2704 

, 2779 

Hawkins,  R. 

T.  , 2640 

Herbst,  R. 

L. , 2666,  2670 

Herrmann,  C 

. , 2722,  2806,  2823,  2869 

Hill,  W.  T. 

, 2640,  2732,  2794 

Howa  rd , R . 

E. , 2612,  2733,  2744, 

2846 

Hunter,  J., 

2722,  2806,  2823 

2780,  2798, 
2810,  2819, 
, 2826 


2830 

2837, 


2853 


JLpson,  V.,  2790,  2850 
Johnson,  G. , 2722,  2806,  2823 


Khur  i 

-Yakub , 

B.  T. 

. 2696, 

, 2720 

, 2737 

, 2777 

, 2781  , 2814 

, 2822,  2825, 

, 2828 

2851, 

2859, 

2867 

Kim, 

S. , 2733 

, 274-' 

* 

King, 

C . N . , 

2612, 

2659 

K i no , 

G . S . , 

2479, 

2680, 

268 1 , 

2682 , 

2695, 

2696,  2709, 

2715,  2719, 

2720, 

2721, 

2722 

2725, 

2737  , 

2741  , 

2742,  2752, 

2776,  2777, 

2781  , 

2806, 

2813, 

2814, 

2815, 

2822, 

2823,  2824, 

2825,  2828, 

2835, 

28  18. 

2844, 

2851  , 

2859, 

2862, 

2866,  2867, 

2869 

Knyazev,  1.  N.,  2729  )V 

Komine,  II.,  2665,  2670,  2710,  2753 
Kompfner,  R.,  2691  ^ 

Kowalski,  F . V.,  2640,  2732  , 2794,  2812,  2845 

Leung,  W. , 2681,  2722,  2793* 

Lukasik,  .1.,  2778,  2819 

Moll,  N.  J.,  2702*  * 

Moore,  0.  F. , 2659,  2674,  2788 
Murakami,  Y.,  2825,  2828,  2870 
Murray,  E.  R. , 2673 

Norton,  R.  II.,  2612 

Poon,  S.  J.,  2767,  2855,  2861 
Prober,  0.  E. , 2677 

Quate,  C.  F.  , 2650,  2688,  2689,  2691  , 2735.  2790,  2850 
Quilici,  8.  1...  2536 


68 


Resell,  M.  T 

.,  2822,  2851,  2859 

Richa rdson. 

J.  M.,  2825,  2828 

Rubbmark,  J 

. , 2668 

Rudman , D . 

A. , 2846 

Salcedo,  J. 

R.,  2850 

Salem,  J . , 

2612,  2659 

Se haw low,  A 

. 1...  2640,  2651,  2668,  2782,  27 

Schwa  11,  R. 

E.,  2677 

Self  ridge. 

A. , 2722,  2806,  2823, 

2866 

Shaw,  H.  J. 

, 2536,  2570,  2681,  2 

722 

Shyne,  J,  S 

.,  2822,  2851,  2859 

S legman,  A. 

E.,  2657,  2712,  2745 

Sokel , R.  J 

. . 2671 

Souquet,  J. 

, 2536,  2682 

Steele,  A., 

2722,  2806.  2823 

Svanberg,  S 

. , 2640 

Teets,  R.  E 

. , 2668,  2690,  2732. 

2821*,  2845 

Tittmann,  B 

. R..  2696,  2777 

Trutna,  W. 

R.  , 2745,  2857 

Tuan,  H.  C. 

, 2741,  2752 

Waugh,  T.  M 

. . 2680,  2682,  2721  . 

2722,  2815 

Weber,  E. , 

2863 

White , J.  C 

. , 2615,  2727,  2795, 

2818,  2853 

Wiekramas inghe , H.  K.,  2731,  2735,  2843,  2850 
Wieman,  C.  E.,  2707* 

Willison,  J.  K.,  2837 
Winslow,  D.  K.,  2681,  2834 

Yeack,  C. , 2731 
Yeh,  Bing-Hui,  2708 


Young,  J. 

F..  2615,  2766,  2778,  2810,  2819 

Yu,  K-H., 

2867 

Zdas  ink , t; 

. A. . 2818,  2853 

Zitelli,  l. 

..  2570,  2681 

Z.ubeck,  R. 

B. , 2612,  2659 

Zvi  h , 1..  .) 

.,  2766.  2778,  2819 

